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ABSTRACT 

This report is presented in four parts: (1) Research 

Results and Their AoDlication; (2) Naroover, Training and Public 
Involvements: (3) OWRR Activities: (0) Viqhliqht Reports by the 51 

State institute Directors. Part 1 reviews the results expected to be 
forthcoming through projects financed during the Calendar Year 196°. 
This section focuses on 12 water related oroblem areas, including 
such problems as improvement of water resource systems, heated water 
discharge, sediment, water quality, water supply and demand, 
water-caused damages, water planning and ecology, metropolitan water 
systems, information dissemination, and others. Part 2 discusses the 
contributions to training, the production of reports and 
Dublicat ions, and dissemination of information during 196°. The 
various activities of the Office of Water Pesources Pesearch (OWpp) 
are considered in Part ?. The final section reviews for each state 
its water problems and related research, possible future program 
directions, and academic and public involvement. The 19 appendices 
orovide listings of projects, fundina, allocations, research, 
references, associated colleges and universities, and other useful 
information. (°R) 




II S DEP1BTHENT Of HE»|1K EDUCillON l VtlUPI 
OIIKE Of (MCIUO* 













co 

Q> 



— 

O 



ier|c 



THIS OOCUMtm HIS KtN P'.PPODUUD [liCIU IS PECtlVED IPOM THE 
PEtSOH OP 0S0»»Wl0< OPiOlHIlING ll BOWES Of VIEW OP OPINIONS 
STATED 00 HOE NECtSSARILT PEPSESEKf OfflCIPl OfflCE Of EDUCATION 
POSITION OP POLICE 

COOPERATIVE WATER RESOURCES 
RESEARCH AND TRAINING 





UNITED STATES DEPARTMENT OF THE INTERIOR 

OFFICE OF WATER RESOURCES RESEARCH 
Washington, D.C. 20240 




’’As the Nation's principal conservation agency, the 
Department of the Interior has basic responsibilities for 
water, fish, wildlife, mineral, land, park, and recrea- 
tional resources. Indian and Territorial affairs are othe 
major concerns of America's 'Department of Natural Re- 
sources. 9 

"The Department works to assure the wisest choice in 
managing ell our resources so each will make its full con- 
tribution to a better United States**now and in the future 




EDO 43527 



COOPERATIVE WATER RESOURCES 
RESEARCH AND TRAINING 



1969 ANNUAL REPORT 
Pursuant to 

THE WATER RESOURCES RESEARCH ACT OF 1964 
As Amended by Public Law 89-404 



UNITED STATES DEPARTMENT OF THE INTERIOR 
Office of Water Resources Research 
Washington , D.C. 20340 






it 



water m iOundar>c«-i5 more than an essential for eustence; when occurnng in a situation like this in the Ozarks. *t contri- 
butes to a more peaceful world. Photo by Walker Missouri Tourism 




PREFACE 



This is the fifth annual report of the program authorised by, and conducted 
in accordance with, the Water Resources Research Act as amended. The report Is 
responsive to the reporting requirements of the Act and the Rules and Regulations 
developed to assist In administering the Act. Items of required Information are 
underlined In the following paragraphs for ready Identification, and page numbers 
or sections of the report In which they appear, are listed. 

Disposition during the preceding calendar year (1969) of moneys appropriated 
to carry out the Act Is discussed, beginning on page 112, and shown In Appen- 
dices G, H, I, J, and L. Fiscal Year 1969 annual allotments, grants, contract 
awards, and disbursements are shown In Appendices A to E, and the status of funds 
appropriated In prior fiscal years, In Appendix F. 

Results expected to be ac co mplished through projects financed during 
Calendar Year 1969 are discussed by water problem areas In Part I, The first 10 > 
of the 12 problem areas described In the account of "Research Results and Their 
Application’ 1 are condensations of statements from a draft report of the Cormlttee 
on Water Resources Research, Federal Council for Science and Technology (FCST) . 

The eleventh and twelfth problem areas were added to encompass those P.L. 88-3 79- 
support ed projects which did not fit In any of the 10 categories. The allocation 
of water research funis appropriated under the Act is shown by problem area, in 
Figure 1, and by FCST research categorlea, In Figure 2. The FCST research cate- 
gories are described In Appendix H. 

C onclusions reached In, or other results achieved by, research projects 
completed In 1969 are described In part I with respect to research; and, In 
Part It, contributions to training and the production of reports and publications 
and the dissemination of information are discussed. 

An account of the work of all Institutes financed under Section 100 of the 
Act la given in Part IV. This Part, composed of a highlights statement by each 
State Institute approved under the Act, supplements Parts I and II. 

A statement indicating that no portion of an allotment to any State has been 
withh eld appears on pagell2, paragraph 5. 

The comments and recoowendatlons of the 1969 Special Advisory Panel relative 
to the needs and problems of the overall program are Included as pages xv to xx 
of this report. Comments and advice expressed by the State Institutes with 
respect to problems In administering the program are given In Part ITT, 

Vi rt HI is an account of the activities of the Office of Water Resources 
Research (OWRR) in administering the progiam at the Federal level for the 
Department of the Interior. OWRR acknowledges with thanks and appreciation, (1) 
the helpful advice of the Special Advisory Panel mentioned in the previous psra- 
graph which is convened annually in accordance with the Rules and Regulations; 

(2) the work of consultants employed to provide critical reviews or state-of-the- 
art reports on selected problem areas; (S) the valuable assistance of many Federal 
agencies, both within and outside of the tnterior Department, on the review of 
research proposal*; (4) the outstanding response of participating universities to 
the needs for proved research and training In the water resources field; (5) 

State agencies which are providing Increased support for research and cooperating 
In many other ways; (6) the demonstrated desire and competence of private Industry 
and non-academic research firms to a slut In solving water problems through par- 
ticipation In Title II research and string on advisory panels; (?) the leadership 
of the SI State institute directors ano their university colleagues who have 
developed effect've water centers responsive to local. State and regional needs 
and have Submitted high quality annual reports on which to base the present report; 
and (6) the demonstrated Interest of the Congress, the Executive Office of the 
President, and the general public without whose support this cooperative Federal- 
State research and training program could not have been launched to tuccetsfully. 

ill 
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Memorandum 



UNITED STATES 

DEPARTMENT OF THE INTERIOR 
OFFICE OF WATER RESOURCES RESEARCH 
WASHINGTON, O. C. 20240 



To: 



Secretary of the Interior 

Through: Assistant Secretary for Water Quality 

and Research, and Under Secretary 



f \\ r, 

i 



(US'- 



From: Director, Office of Water Resources Research 

Subject: Annual Report — Office of Water Resources Research 

Submitted herewith is a report of activities and accomplishments for 
1969 in accordance with the regulations for administering the Water 
Resources Research Act of 196A (18 CFR 506.5) and Section 307 of 
P.L. 89-404 (80 Stat. 130) dated April 19, 1966. 



I was privileged to become acquainted with this cooperative research 
and training program as a member of the 1967 Special Advisory Panel, 
convened in accordance with the Act. Now, as Director of the Office 
of Water Resources Research, I can state with a measure of pride that 
continued progress has been made in achieving the major objectives of 
the Act, "to assist in assuring the Nation at all times of a supply 
of water sufficient in quantity and quality to meet the requirements 
of its expanding population . ..." The program has become widely 
recognized since its inception five years ago for its contributions 
in research and training, information exchange, and, at State and 
local levels, public and academic involvement in water resources 
planning and management. 

Pursuant to reporting requirements, we have included, in the report, 
advice and recommendations of the 1969 Special Advisory Panel rela- 
tive to the overall program, examples of research results, expected 
results and other accomplishments, and a statement that all funds 
appropriated for allotments and grants have been made available to 
the State water resources research institutes — none having been withheld 
for any reason. 



I recommend that this document be adopted as your report to the President 





SUMMARY AND CONCLUSIONS 



Program Objectives 

Although, in its fifth year of support, the Federal funding level regained 
approximately the same as in Fiscal Year 1968, continued progress was made in 
furthering the major program objectives "to stimulate, sponsor, provide for, and 
supplement present programs for the conduct of research, investigations, experi- 
ments, and the training of scientists in the fields of water and of resources 
which affect water. M Significant advances were made, also, in promoting water 
resources scientific information exchange, technology transfer, research co- 
ordination, and public education. 



Number of Participating Institutions and Organizations 

Highlights of this nation-wide, cooperative Federal-State research and 
training program at the State level are given in Part IV of this report. These 
are in the form of brief Individual statements of the directors of the 51 State 
water resources research Institutes approved under the Act. These institutes or 
centers, located at a State university in each State and Puerto Rico, serve as 
focal points in administering the program. Participation of other universities 
and institutions, non-academic or industrial research firms, and private or 
public rr ’earch entities is encouraged, however, and, in Fiscal Year 1969, ap- 
proximately 800 research projects were being carried out by 132 colleges and 
universities, 19 private or commercial research firms, 2 non-profit organizations, 
and 4 public agencies at State and local levels. 

Examples of Application of Research Results 

After 5 years of support for Title I research, most of the State institute 
d‘ ctors -- and many of the Title II research grantees or contractors after only 
2 > :rs -- were able to cite examples of the application of research results from 
P.L. 88-379-supported projects. These are included in Parts l and IV of the 
report, but may be illustrated by the following: 

* An Alabama project (B-007-ALA) has received world-wide 
recognition for information on hydrology of limestone terranes and 
for preparation of an annotated bibliography of over 2000 references. 

This bibliography will be distributed as pail of the program of the 
International Hydrologic Decade. 

* A report on heat losses in circulating water distribution 
systems in subartlc Alaska is reported to be required reading for 
all U.S. Public Health Service engineers upon their arrival in the 
State. 

* Results of prcject A-008-ARK, concerned with digital systems 
for on-site data collection for water quality analysis, have assisted 
the U.S. Fish and Wildlife Service in fish hatchery operations in- 
volving the measurement and control of oxygen in water. 

* Results of project B-001-CAL, dealing with optimization for 
power generation, peaking power, and water releases from the many 
storage reservoirs involved in the California Water Plan, have been 
directly used by the State in its planning. 

* Extensive application of stream bank stability criteria 
developed in projects A-002-COLO and B-014-COLO has been made in 
planning highway construction through the Rocky Mountains to prevent 
erosion and sediment pollution. 




* Project B-006-IDA has developed Information being used by the 
State Reclamation Engineer In Idaho to establish reasonable ltvels 

of pumping lift in administration of ground water laws. 

* As a result of project A-008-IND which showed a critical 
shortage in Indiana of manpower for water resources positions, a 
new associate degree curriculum was developed for the training of 
technicians. 

* Data from projects A-022 and 023-MICH, indicating that streams 
entering Lake Michigan from the Lower Peninsula of Michigan contribute 
over 11,000 pounds of phosphorus per day, were used by the State 
regulatory agency in a decision to require 80 percent removal of 
phosphorus from sewage effluent by municipalities in the Lake Michigan 
drainage basin by 1972. 

* New Jersey studies have determined the operating effectiveness 
and costs of instrearo aeration systems. The studies indicated that 
when applied to the Passaic River, New Jersey, an aeration system 
which would cost $194,000 annually would be as effective in raising 
dissolved oxygen levels as advanced waste treatment estimated to cost 
$785,000 annually. 

* Telemetry developments under project A-002-UTAH are being 
used in operational programs by the U.S. Department of Agriculture. 

* The Tri-State Transportation Commission in New York City 
notified OWRR that results of a Title II project (C-1114), conducted 
by personnel of Barnard College of Columbia University, had immediate 
application to the long-range water supply and sewerage plan for the 
Tri-State Region of New York, New Jersey and Connecticut. 

* Use of water reservoirs in urban areas for flood control, with 
projected multiple-use benefits of water conservation, reduced costs 
and multi-use reservoir benefits was the subject of project C- 1187 
conducted by North American Rockwell Corporation. Actual economic, 
engineering and benefits data from Santa Marla, California, were used 
in the evaluations* A number of urban areas have shown considerable 
interest in this water reservoir approach to flood control and further 
application of a demonstration project is being developed by the City 
of Santa Marla. 

Seed Money Effects 



These research results are being produced by both applied and fundamental, 
short-term and long-term projects. Non-Federal funds or the equivalent are used 
for supplementing or matching Federal funds in all Title I projects and in many v 

Title II projects. Many pro Jects , initiated with modest seed-money funding from 
OWRR, have shown such promise that additional support from other Federal or non- 
Federal agencies has been secured to mount more extensive and significant in- v 

vestigations. For example, the Montana Center director reports that with OWRR « 

funding not exceeding over $10,200 In any fiscal year since project A-007-MONT, 
dealing with mountain precipitation and distribution, was started on July 1, 1966, 
three associated grants and contracts were generated involving nearly $1.2 million 
support from the Bureau of Reclamation, National Science Foundation and the U.S. 

Army. 

Manpower 

Nearly 1200 professional investigators and 1862 student research assistants 
from dozens of scientific and engineering disciplines were engaged in research pn 
Title I projects during 1968-69. Engineers, biologists, economists, and geologists 
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were most numerous, but there was need in some of the projects for anthropologists, 
landscape architects and many others. 

Of 215 professional investigators assigned to 57 Title projects, 118 were 
engineers, 24 were economists, and 15 were mathematicians, statisticians or com- 
puter specialists. This reflects the emphasis placed on water resources planning 
and systems analysis in the Title II program for 1969. Student sssistants on 
Ti£le II projects numbered 114. Thus, the ratio of professional investigators to 
student research assistants was 1:1.6 on Title I projects and 1:0.5 on Title II 
projects. 

Examples were cited of 71 trained professional investigators from 28 scientific 
and engineering disciplines being attracted to the water resources "leld in the 
past year although previously they had not been engaged in water research or train- 
ing. This brought new competence to the field and facilitated multidisciplinary 
research. 

Research and Training Facilities 

Universities participating in the P.L. 88-379 program have responded to the 
Nation's need for improved research and training facilities in the water resources 
field by employing over 1300 new staff members since 1965; adding nearly 1300 new 
water-related courses and constructing or acquiring new buildings, laboratories 
and other facilities yearly. During Fiscal Year 1969, 58 universities reported 
employing 238 staff members for new positions and 72 to replace employees who had 
retired, moved, or died. About 13 percent of the new employees were supported, 
in part, by P.L. 88-379 funds. New water- related courses reported by 61 partici- 
pating universities in the 1968-69 school year numbered 286. Thirty-nine 
institutions in 32 States reported construction of, or major addition to 15 new 
buildings, completion of some 25 new laboratories, and construction or acquisition 
of 26 or more other major facilities, 

Student Training 

Formal student training is a function of the university and is not supported 
directly by OWRR. However, 1862 students served as research assistants on Title I 
projects during Fiscal Year 1969, and 114 students served in a like manner on 
Title II projects, making a total of 1976 receiving P.L. 88-379 financial support. 
Their work as research assistants under qualified principal investigators provided 
valuable experience. Nearly 4300 students in water- related training were reported 
to have benefited from the use of supplies and equipment purchased in connection 
with the research program. 

Statistics on students enrolled in water-related curricula at universities 
are not readily available and there appear to be inconsistencies in reporting 
from year to year due to various interpretations of what constitutes a water re- 
sources student. The rapid Increase in student enrollment reported in water- 
related fields between the 1964-65 school year and the 1966-67 school year 
appeals to have slackened; yet, 4978 students were reported to have graduated in 
1968-69 compared with 4513 in 1967-68. Over 13 percent of the graduates reported 
for school year 1968-69 had received F.L. 88-379 support as research assistants -- 
8.1 percent of the bachelor, 19.0 percent of the master, and 26.8 percent of the 
doctoral graduates. Of approximately bO percent of the graduates whose status 
was known following graduation, 47, 29 and 24 percent, respectively, obtained 
water-related positions, returned to school for further training, or went into 
military service. 
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Public Involvements 



There is increased recognition on the part of State institute directors and 
other university staff members of the need for public involvements, as well as 
academic activities, and for improved means of transferring research results and 
technology to action agencies. Examples are given in Parts II and IV of this 
report. Many of the symposia, seminars and public meetings held contribute to 
student training as well as to public education. 

During the year 1968-69, the Title I program produced 574 publications, 

225 theses and dissertations, and 230 project completion reports; the Title II 
•"rograrn produced 52 publications, 5 theses and 13 project completion reports. 
i /ailability of these publications and reports is described. 

OWRR Activities 

At the Federal level, the P.L. 88-379 program is administered by the Office 
of Water Resources Research. The OWRR staff of 37 with the cooperation of other 
Federal agencies, the academic community, and private firms and consultants 
knowledgeable in the water resources field, strives to facilitate the work of the 
State water resources research institutes and other participants, and, in other 
ways, carry out the objectives of the Act. 

During the past year OWRR (a) sponsored the fourth annual water resources 
research and program coordinating conference; (b) contracted with consultants to 
prepare critical reviews or state-of-the-art reports on ecological considerations 
in water resources management, and a general assessment of systems engineering 
as applied to water resources; (c) held seminars on such subjects as systems 
analysis, dispersion of water pollutants, physical and mathematical models of 
estuaries, analysis of small watershed responses and soil water movement; (d) 
initiated a systems approach to Great Lakes research and (e) staff members par- 
ticipated in many lntradepartmental and interdepartmental committees concerned 
with water resources planning, research and management. 

Steps were taken to respond to the recoim. *ndations of the 1968 Specisl 
Advisory Panel and to develop a top-priority program of research on urban water 
resources problems. To implement this program, 36 Title II research projects 
were selected for support in Fiscal Year 1970 with emphasis on metropolitan water 
resources and systems analysis in water planning and management. 

The OWRR-managed Water Resources Scientific Information Center (WRSIC) was 
enhanced by (a) expansion of the information base in machinable form; (b) improved 
user services in the form of selected water resources abstracts, Indexes, and a 
limited selective dissemination information service; and (c) establishment of 3 
additional centers of competence for abstracting water- related literature. 

Volume 4 of the Water Resources Research Catalog was published as a convenient 
means of informing researchers of current water resources studies and of keeping 
unproductive replication of research effort to a minimum. 

With constant sharpening of focus on significant water problems and high 
priority research needs; Increased awareness of, and attention to, dissemination 
of scientific information and the need for improved technology transfer; and its 
contributions to research coordination, and research and training capabilities 
as well as direct support of research in the water resources field, OWRR r s role Is 
clearly established after five years of operation. 



DECEMBER 1, 1969 



REPORT AND RECOMMENDATIONS OF THE SPECIAL PANEL" 

CONVENED PURSUANT TO REGULATIONS OF THE 
SECRETARY OF THE INTERIOR 
(CFR Chapter IV, Section 506,5) 

TO ADVISE ON THE OPERATIONS OF THE 
OFFICE OF WATER RESOURCES RESEARCH 

The Panel met on November 18 and 19, 1969 in Wi f\\i \g ton, D. C, to review the 
operations of the Office of Water Resources Research after having been furnished 
a draft of 1969 Annual Report and the published 1968 Annual Report. The Director 
of the OWRR, Dr. H. G. Hershey, and its Associate Director, Mr. E. D. Eaton, made 
themselves available throughout the Panel meetings, presented summaries of perti- 
nent current information, provided additional documentation requested by the Panel 
and answered questions raised during the Panel* s deliberations. 

After consideration of the draft of the 1969 report, previous annual reports, 
recommendations of previous Panels and the specific purposes of the Water Resources 
Research Act of 1964, the Panel concluded in general that the 1969 Annual Report 
effectively portrays the current situation, that the broad purposes of the Act of 
1964 are being accomplished in a number of significant ways, that the adminis- 
tration of the Act by the OWRR is to be commended and that there are a number of 
areas that deserve consideration for increased emphasis or new action. 

WATER RESOURCES RESEARCH INSTITUTES (ALLOTMENT PROGRAM) 

The general purpose of the allotment program is to provide financial support 
to each State for operation of an institute to conduct water research and to train 
scientists and engineers by student participation in approved research projects. 

The established institutes in the 50 States and in Puerto Rico were granted 
$100,000 each in 1969, a total of $5,100,000. Although matching non-Federat funds 
are not required, the States are contributing nearly $4,000,000 and have 460 re- 
search projects in progress with more than 1000 students participating. 

By far the most effective instrument for analysis by the Panel of the 
activities of the institutes is the summarization in this annual report for the 
first time of highlight reports by the 51 institute directors. The Panel believes 
that this practice should be continued, refined, and utilized in many ways. 

First, it can provide the OWRR, its advisory panel and the 3UUU or more 
recipients and readers of the OWRR annual report with a practical means of under- 
standing this aspect of the objectives of the Water Resources Research Act. Few 
readers of the annual report of OWRR can go deeply Into all of the individual 
State institute reports or Into even a few of them. Without a general awareness of 
what is happening in every institute, it is difficult to judge what can and should 
be done beyond the efforts of the institutes. Secondly, each institute can profit 
by the experience of the others. Ideas can be gleaned for better formulation and 
conduct of individual institute programs, for possible inter-institute or regional 
activities and for the most effective role of the institutes in accomplishing the 
total of the purposes of the Water Resources Research Act, 

Finally, the institutes can, through knowledge of each others methods, 
policies, and results, become effective instruments in bringing the results of 
their own and others research into practical application through the decision- 
making processes pertinent to their respective areas and problems. 

The Panel visualizes communication of research results and implications as an 
Important role of the institutes as well as of OWRR itself. This does not mean 



If The composition of the 9-member Panel is recorded on page xx, 
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that an Institute should assume the role of an advocate for or an opponent of 
specific solutions to water problems. Rather it means that an Institute can and 
should utilize all means available to it, such as advisory panels, seminars, 
newsletters, and other media for contact with the public, such that the effect is 
to provide the public and ultimately, the decision-makers, with authentic infor- 
mation rather than with uninformed opinion or even misleading information as a 
basis for decisions on water management. 

The Panel, therefore, urges that the institutes utilize every means available 
to them to enhance public understanding of research findings and their implications 
as to the type of public and private action and decisions needed to make the re- 
sults of research effective. This is being done in various ways in some centers 
and should be a continuing objective of all institutes, not only for its obvious 
benefits in improving decisions on specific current local problems but in providing 
improvement in administrative and legislative procedures for solving future water 
problems. 

It is noted that many institutes are already able to report examples of the 
application of their work to the solution of specific problems. This is grati- 
fying and should be used as a major element of Justification in support of the 
fullest possible utilization of the institutes' activities. Specific examples of 
monetary savings improved decisions and other tangible evidence would be particu- 
larly useful in this respect. 

Among the types of possible institute activities that are not frequently 
mentioned are regional activities, inter-disciplinary action, and use of advisory 
groups. The Panel considers these as important aspects of the role of the 
institutes and hopes that future reports of directors will show what has been and 
can be done along these lines. 

In discussion with the OWRR staff, the Panel gained the clear impression that 
direct contact between OWRR staff and the institutes has not been extensive. The 
Panel believes that OWRR staffing should be augmented to meet the institutes needs 
and desires in this respect. 

The results of the institutes activities to date have been remarkable con- 
sidering the variety of problems, procedures and resources available to them. 

The Panel believes that the general practice of vesting the responsibility for 
heading, guiding, organizing and decision-making in the institute in outstanding 
men who also have other responsibilities in their universities is sound. However, 
consideration should be given to an "executive-secretary 11 and small permanent 
staff setup devoted exclusively to institute affair*- whenever warranted by the 
scope of activities and other circumstances involved in the arrangement for the 
institute. 



The Panel is well aware that the foregoing observations imply greater 
financial support for the institutes than is now available. The Panel urges such 
additional financial support and specifically endorses the proposed amendments to 
the Water Resources Research Act recently developed by the Universities Council 
on Water Resources and the National Association of State Universities and Land- 
Grant Colleges, the main effect of which would be to increase the authorization 
for annual allotment from $100,000 to $250,000. The Panel believes that this 
specific amendment as well as the accompanying amendments proposed by UCOWR should 
be adopted. 



MATCHING GRANTS TO THE STATE WATER RESOURCES INSTITUTES 

Under this program, the State institutes compete with each other for Federal 
funds which they are willing and able to provide to permit their sponsorship of 
specific research projects not otherwise fundable because of the projects and 
activities they have elected to support with their "allotment funds" as discussed 
above. Whereas the nature and scope of the allotment program results In 
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concentration on local problems as was intended by the Water Resources Research 
Act and requires only general guidance by OWRR to avoid duplication and un- 
necessary effort, the matching grant program requires consideration of the national 
interest and major problems of regional or extraordinary local significance, The 
results have been that more than three-quarters of the available Federal funds for 
matching have been channeled to the currently designated major national problem 
areas. 

The basic Act authorizec $5,000,000 annually for this purpose. In 1969, 
$3,000,000 were appropriated and applied to the most promising of $8,700,000 vorth 
of matching grant requests. 

The Panel considers that OWRR has obtained the best possible advice in 
appraising these requests and has administered this phase of the program effectively. 
It also considers that the full amount of $5,000,000 annually now authorized should 
be appropriated because the opportunity for an equal amount of non-Federal funds 
is not being fully utilized for worthwhile and urgent projects which fall within 
v the categories of major national problems. 

CONTRACTS AND GRANTS TO ORGANIZATIONS OTHER THAN INSTITUTES 

% Under this program, $8,000, 00C was authorized and only $2,000,000 appropriated 

for use in 1969 to contract with o; grant to any ins t itut ion, publ ic or private, 
for research considered desirable by OWRR and not otherwise provided for in the 
allotment or matching grant programs. In 1969, 320 usable proposals at an esti- 
mated cost of $38,000,000 were received. Of these, 31 were funded within the 
$2,000,000 available. There are now 62 projects being funded under the Title II 
program. Universities (other than Title I institutes) have 35, 20 are in private 
industry, 4 in non-profit research foundations and 3 with State and local govern- 
ments. Practically all of the projects are within the categories designated as 
most important to improvement of water resource management. 

This i s the area which is most demanding in discrimination and judgment by 
OWRR itself. The Panel believes, however, that it is an area that offers the 
most flexibility in use of Federal funds for rounding out the total requirements 
for research on the most urgent water problems, The national interest rather than 
solution of local problems is and should be a major consideration in selecting 
projects in this category. Also the flexibility for utilizing special talents and 
inter-disciplinary combinations not available in the other programs is an important 
factor in support of the Title II procedure. This is the only area in which the 
OWRR staff can exercise initiative in formulating research projects that are needed 
to balance the fulfillment of the total objective and which are not forthcoming 
through the processes of the allotment and matching grant programs. Finally, this 
is the area where special talents not available to the institutes can be brought 
to bear on recognized problems. 

„ The Panel considers that the OWRR administration of the Title II program 

deserves commendation. It believes that the OWRR analysis and review procedures 
for Title II proposals, which include advice from the most knowledgeable sources 
) on the subjects concerned, result in the selection of the best projects and best 

f executors of those projects. Proposals received far exceed the number fundable 

both in numbers of projects and costs. After careful rating of the urgency, 
relevancy, possible usefulness, competency of the researchers and many other 
factors, the OWRR has not yet been able to accept any proposal which has not been 
adjudged as number one or two on all of the several criteria applicable in the 
selection process. One of these criteria which the Panel considered important is 
that the project should not be approved if it is merely the solution of a problem 
that could be arranged for by direct arrangements with an engineering firm or 
similar agency available to the organization which has the problem. Another is 
the competency of the talent and resources available to the contractor. The Panel 
is well satisfied that these and other criteria are being well appraised through 
its staff and advisory procedures. The Panel is further convinced that this 
of the OWRR program deserves expansion and additional financing. 




xvii 



3?2'»92 O * 10 • 2 



OWRR ACTIVITIES IN GENERAL 



The Panel 1 8 reaction to its review and discussion of specific current and 
proposed activities of the OWRR is generally favorable and commendatory. It has 
not attempted to review nor to analyze progress on all recommendations of previous 
panels but in general concurs with them and believes satisfactory progress is being 
made in their direction. 

The Panel was advised that a brief summary of the OWRR annual report designed 
for wide distribution aud general understanding of the activities under the Water 
Resources Research Act is in preparation. The Panel's reaction to this develop- 
ment was mixed and suggests future appraisal of the usefulness of the extra effort 
required for this innovation and comparison with the effectiveness of other efforts 
toward improved communication, public understanding and awareness and desirable 
involvement of all concerned with improvement of water management. 

The growth and increasing utility of the Water Resources Science Information 
Center (WRSIC) haB been noted. The Panel concurs with the previous conclusions 
of the importance of this activity and the current plans for its improvement. 

AREAS OF EMPHASIS 

In its review of the contributions of the Water Resources Research Act 
programs to the 10 major problem areas identified by the Committee on Water Re- 
sources Research of the Federal Council for Science and Technology, the Panel 
concludes that the activities under the Water Resources Research Act have con- 
tributed appropriately to their solution and in harmony with the contributions of 
these areas being afforded by the mission-oriented programs of Federal agencies 
and other research activities related to water. In addition, OWRR activities have 
produced additional emphasis on the significance of groundwater in the hydrologic 
cycle and in basic water knowledge generally. 

Without reflecting adversely on the need for emphasis in the several generally 
recognized problem areas, the Panel was in agreement that the problem of improving 
water resources system planning and management processes, to which OWRR has 
directed great emphasis, continues to deserve special attention. This includes 
atten f ^n to the phase of research mentioned by the Senate Committee Report on 
OWRR' 1970 Appropriation Request (Sen. Rept. No. 91-420, 91st Cong,, First 
Set* ^ cm, 22-23, Sept. 18, 1969) namely, the measurement of benefits resulting 
from water r esc ir^e projects and the implications of such data on the formulation 
and evaluation of future projects. The Panel concurs completely in the need for 
this type of research and application of its results to future planning and 
decision-making. In this area and in the entire area of research needed for 
improvement of water planning, decision-making and management, the Panel is con- 
vinced that the case-study approach is a necessary first step and urges that 
all such possibilities be given high priority. 

Again high on the list of major needs is research on water in relation to 
solution of urban problems. This is not to say that increased knowledge about 
water in rural and agricultural areas Is not also important. In fact, the effects 
of water use in non-urban areas is often a major factor in urban water problems. 
Nevertheless, the Panel is convinced that research directed specifically to 
solution of urban problems requires special emphasis and increased support and is 
gratified to have been advised that the Secretary of the Interior has already 
directed OWRR to contribute to this objective. 

CONCLUSIONS AND RECOMMENDATIONS 

The 1969 Advisory Panel concludes that the operations of the OWRR to date are 
to be highly commended and that they have contributed significantly to the improve- 
ment of the management of the Nation's water resources. 
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rhe Panel recommends generally that OWRR follow up on the specific suggestions 
outlined in the Panel's report and specifically that OWRR take appropriate action 
towards the following ends: 

1. Continuation and refinement of the summary reports by 
Institute Directors in the OWRR Annual Reports. 

2. Expansion of the institutes' role in communication of 
research results and implications with a view to: 

(a) Application of research results to practice 

(h) Awareness by the public and decision-makers of 
the implications of research results, 

3. Increased allotments to State Water resources Research 
Institutes . 

4. Increased funds for matching grants to the amount 
vi horized and beyond if matching offers warrant. 

5. Increase^ funds for Title II activities to the amount 
authorized and beyond if worthy proposals continue to exceed 
funding capability. 

6. Augmentation and adequate funding of the OWRR staff to 
permit more direct contact with institutes and necessary activity 
on expended matching grant and Title II work. 

7. Continuation of emphasis on research designed to improve 
water resources planning and management. 

3. Added emphasis on research designed to contribute to 
solution of urban problems. 

9. Increased use of case studies to provide information for 
improvement of planning and decision-making. 
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Research under the PL88-379 program is concerned with many kinds of problems related to 
many types of water bodies such as estuarine areas and the Great Lakes, rivers, ponds, 
bogs, and springs. 



Continuous f'/ankton Recorder used in the research project A-011-Minn 
“A study of the open water distribution and abundance of net plankton as an 
index of eutrophication in Lake Superior" 
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A fertile floodplain poo! alons the KaiNaskia stiver. Project 6 025 111. 

Ph«lo, tcwilMy Ihnoit $Utt H»Ur*l M*i»o tj $ui*ty 




Aerial phofofraph of I^Acre bet at Newell 
Hill, St rath i m, N H the hydrotofy of th.s 
form of oatvta! water retention iibemf str 
d*d by the Water Resources Research 
Center, University cl New Hampshire. 




Clear streams of the soith Mts*o«rHime- 
stone refion are becoming a major recreation 
area for the mid continent area Research is 
showing how to keep streams cleat and pore 
so fishing or M j«sl floating" in a *joV' boat 
can be an enj©;*bte espenence for future 
teneretions h? Wi?itr w.iw.n n«r.»f* 
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PART I 



RESEARCH RESULTS AND THEIR APPLICATION 

THE INCREASED NUMBER OF PROJBCTS COMPLETED IN 1969 PRODUCED A LARGE VOLUME OF 
RESULTS HAVING FAR RANGING APPLICATION TO THE SOLUTION OF WATER RESOURCES PROBLEMS , 
AT LOCAL, STATE, REGIONAL AND NATIONAL LEVELS. SELECTED EXAMPLES OF RESULTS ARE X 
PRESENTED AS THEY APPLY TO TVELVB MAJOR WATER PROBLEM AREAS. THE EXPANDED SCOPE 
OF ACTIVITIES OF THE WATER RESOURCES RESEARCH CENTERS AND INSTITUTES ESTABLISHED 
UNDER THE ACT INDICATES THE INCREASINGLY IMPORTANT ROLE THEY ARE PLAYING IN THE 
RESOLUTION OF WATER RESOURCES PROBLEMS. THIS HAS RESULTED IN AN EXPANDING 
RES LARCH PROGRAM INVOLVING AN INCREASING NUMBER OF DISCIPLINES. TO DATE, INCLUD- 
ING COMPLETED AND ON-GOING STUDIES, UWRR HAS HELPED TO SUPPORT 1162 ALLOTMENT , 444 
MATCHING GRANT AND 97 TITLE II PROJECTS. TITLE II PROJECTS HAVE BEEN CONTRACTED 
WITH 37 UNIVERSITIES AND 28 RESEARCH AGENCIES INCLUDING PRIVATE ORGANIZATIONS AND 
STATE AND LOCAL GOVERNMENT AGENCIES. THE ALLOTMENT AND MATCHING GRANT PROJECTS 
ARE BEING CONDUCTED BY 119 UNIVERSITIES. 



Introduction 

To exemplify how research contributes to problem-solving, recent results of 
CWRR-supported research are discussed ae they apply to helping to resolve problem 
Areas. 



The first ten problem areas were tAken from s Hay 5, 1969, working paper of 
the Comalt tee on Wate\* Resources Research, Federal Council for Science and Tech* 
oology. Descriptions of the areas are condensed versions of the report which 
will be published by COWRR In final form at a later date* Figure 1 shows alio* 
cation of water research funds distributed by water resource problem areas for 
Fiscal Year 1970. figure 2 shows allocation of water research funds distributed 
by OWRR by FCST category for Fiscal years 1967, 68, 69 and 70; and, Appendices 
K and L list research projects by State, Title, FCST category, principal lnveatl* 
gator and fiscal years In which funded. 

Research results and their application Include examples of piojects from the 
three OWRR research sponsored programs as follows: Allotment (prefix A); 

Matching Grant ( reflx B); and Title II (prefix C). The twelve problem areas are: 

1. Improving Water Resources System Planning and Management Processes 

2. Control of Heated Water Dlachargea 

3. Control of Sediment 

4. Water Quality 

5. Meeting Increased Water Supply Requirementa 

6. Mitigation of Water*Caused Damages 

7. Conserving Etologlc Values In Water Resources Planning 

8. Metropolitan Area Water Systems 

9. Conservation of the Estuarial Water Resoutce 

10. Dissemination and Application of Knowledge 

11. Other Problems Related to the Hydrologic Cycle 
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12. Research on Other Problems Including Engineering Structures and Data 
Collection 

Examples of results are from both completed and on-going research. Since some 
results are tentative and have not been published, reader? are requested to con- 
sult with principal Investigators for permission to cite findings. Investigators 
may be contacted through respective State Water Resources Research Institute or 
Center Directors as listed In Appendix S. 

Only a few representative projects under each problem area are listed. For 
more detailed information on research activity by specific Institute or Center, 
refer to Directors 1 Statements, Part IV of this report* 

Water problems being studied are many and varied. 




The kp nl 1%, 19$9 flood on PeacMrte ift North*evt 
Atlanta vividly illustrates he* fact of ptannm| and man* 
element ift urban watersheds has resulted ift hazardous 
flood plain occupancy, this house «s in an area fce<nf 
studied ty an interdisciplinary research team at Geor|<a 
institute of Tethnotofy. M 6* 379 under a Title II Grant 



Flood* ate a problem in urban, 
suburban and rural area*. 



flooding in the Minnesota fiver valley in 1919 
ctarittf V nmti tilri PiMv’ctt (imh 
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1' Funds appropriated and allocated for research project cost I9.822.519.FY 1970 
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Page 4, Figure 2. The b^r graph for Fiscal Year 1970, above 
Category VI, should Indicate that approximately the following 5j 

amounts of Federal funds were budgeted for research In that category Js K 
in; 

g 

(a) the annual allotment program, $.9 million; 

(b) matching grant (Section 101) program, $1.7 million; 
and 

(c) Title II program, $1.4 million. 
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FCST CATEGORY 

J/fUftOS AW»0**IATtD A«0 ALLOCATED FO* MSCA*CM PROJECT COSTS; FY 1967 S5.557.000; TV 1968 S9.06t.00D. TV t969-S9.0IS.3S6; FY 1970-S8.827.M9 Us of 10/10/b9> 
FCST CATEGORY FO* FY *970 





Photo, courtesy Mssoun Water Resources 
Research Center 




Drainage from (trip mine* cm be in important 
aource of water pollution. Vegetation it tlow to 
return to (hit area in Missouri where coal hat 
been removed. 




Problems may arise from the juxta- 
position seen here ol t e edlot*ti k e- 
recreation area. Photo, courtesy South 
0»se»a water Resources fniMutr 



Major new deposits of minerals are being 
developed in southeast Missouri. Mining 
companies are cooperating with Protects 
A021-MO and 8-021-MO to insure that 
streams of the area will continue to 
provide water of high quality. 

Problems of Water Quality 



New York State tletlric and Gas 
now operates the coal-fueled generator 
plant Milhken station on Cayuga lake. 

The Company’s plans to build a nuclear generating 
plant adjacent to Mdliten have resulted in two of the 
most complete studies ever made of a stratified lake. 




Several Georgia projects are concerned with urban 
water resources management One new project 
(8 0ISCA, York), os well as a Title tl project 
<C 1323} is spooficolly concerned with flood man- 
agement in an Atlanta drainage area, shown here 
during the Apnl 1969 flood 




fher*. <t«rt»«y tan State Citfrit rt l|r<nt«rr »i 
C ** r u it U*'«tt»>1y 
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Water from i <team generating plant at Thomas Hrfl 
Reservoir has made winter fishing a popular sport 
in this area of Missouri. A (me limit catch of large 
mouth bass end one white crappie, laid on the 
snow to coot. Temperature January, 1968. 
r**t9 fey M*u* w 'X it 



Many problems are socio economic in 
nature and include development of 
methods for valuing fish and wildlife 
and recreation. 




investigator interviews beaters it marina 
launch in North Carolina study of the 
recreational capacity of reservoirs and 
tales (8 013 NC) 



U A North Carolina study (8 OlO NC) d'als 

with economic effects of land use on 
the y eld of water from municipal 
watersheds 
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Improving Water Resources System Planning and Management Processes 



Statement of the Problem 

Water resources planning requires Identification and acceptance of relevant 
social goals established through democratic processes. These goals represent a 
balance among factors of national economic efficiency, regional development, 
environmental quality, the public well being, and preservation of flexibility to 
meet changing requirements. 

This problem area Involves development of methods for evaluating probable 
effects of water resources plans on these objectives. Research will involve among 
other considerations: determining the relation of water r sources planning to 

other regional and functional plans; developing effective methods for analysing 
probable consequences of proposed water resources programs; and evaluating and 
developing Institutions for planning and policy decisions required to meet social 
goals. 



Research 



Techniques o f Planning 

New Mexico has a unique lnterdlsclpllnary-lnterunlverslty project (B-Oll-NMEX) 
Involving principal Investigators located In seven academic departments at three 
universities. The study Is entitled M A Comprehensive Water Resources Analysis of 
a Typical Overdrawn Basin In an Irrigated Semlarld Area - Pecos River Basin, 

New Mexico. 11 Preliminary Subproject research for each discipline, geology 
hydrology, civil engineering, agricultural economics, agnonoay, economics, and law 
Is being completed and reports written, through coordinating meetings and by 
close working relationships between groups, the gross systems analysis, legal 
aspects, and preliminary reports, by discipline, are being coordinated Into an 
overall final report which will be completed by April of 1970. 

the final report is expected to be highly useful to decision makers at local 
and State levels In water resources management of pecos Basin. Also, results are 
expected to be applicable to other overdrawn basins In semlarld areas of the south* 
vest • 



the overall objective of a research study In Texas (8-024-TBX) has been to 
develop multistage optimisation methods which would permit Incorporation of water 
quality management Into the problem of planning for optlrnm beneficial use of 
water resources within a planning region. Specific tasks conducted In this 
Investigation Included: (l) development of needed optimisation techniques, { i ) 

formulation of analytical models, (3) development of solution algorithms, and 
(4) application of algorithms to a field problem (Trinity River Basin)* 

In this study, multistage optimisation methods have been developed which 
permit efficient computational analysis. However, lack of adequate basic data on 
water resources seriously hampers use of the model* Also, to successfully solve 
modern-day water resource systems It Is necessary to simplify analytical detail 
of the model or decompose the problem Into more manageable parts* It is believed 
this approach will become more useful as quality of physical data Improves and 
as water resource planning problems become more complex* 

A research project (OU1S) entitled "Stochastic Basis for Comprehensive River 
Basin Planning" Is being conducted at Union College, New York . Three digital com- 
puter programs were written one of which Is a mathematical representation of a 
single river branch with a series of population centers and associated sewage 
treatment plants along Its banks. The method of gradients was used to obtain an 
optimum set of treatment plant efficiencies that would minimise total cost of 
water resources for the entire river. 
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The ultimate objective is to apply stochastic methods to systems analysis of 
river basins. Potential of the program is being further explored in project 
(0*1702) which will utilize physical parameters and economic efficiency functions 
in applying optimization theory to the integrated model. 

Under project 0-1034 a variety of stochastic programming models for deter- 
mining alternative operating policies for multipurpose reservoirs have been 
structured, tested and, in cooperation with the New York State Depa ment of 
Conservation, applied to regulation of the Finger Lakes in New York State. These 
models have used both linear and dynamic programming techniques for their solution. 
Operating policies derived from these models are defined for reservoirs that serve 
a variety of complimentary and competing uses, requiring multiple objectives. 

Perhaps the most significant contribution has been development of stochastic 
methods for defining both design and policy of a water resource system having a 
variable streamflow. Models that consider design as well as operating varables 
of river basin systems as unknown have been successfully applied to the Delaware 
River Basin in an effort to select preferred designs and policies for further 
analysis by simulation. Simulation studies indicate stochastic design and policy 
models are more effective for preliminary screening of alternatives than deter- 
ministic models. 

Stochastic design and policy models have also been applied to defining alter- 
native low-flow augmentation policies. This application will be published In a 
forthcoming book by the Harvard Water Program. 

A long range study (C- 1377) on systems simulation for management of a total 
water resource is being conducted by the Texas Water Development Board. This 
research represents a first step towards development of a computer-oriented 
planning system for use in planning of large, multi-basin systems of reservoirs 
and connecting river reaches and pump-canals such as the proposed Texes Water 
System. 

Planning problems associated with the Trans-Texas Division of the proposed 
Texas Water System were used to guide development of the programs and procedures. 
Follow-on applications of these programs, sensitivity analysis, and program 
improvements will be carried out in project C-1975. 

Experts in stochastic hydrology from Illinois concerned with intangible fac- 
tors of overall water resources planning propose, in project 8-030-ILL, a basic 
modal of a hydro economic system for optimisation. The proposed model, utilising 
conjunctively surface water and ground water, may be applied to practical irriga- 
tion, flood control, and pollution abatement problems. 

A multiphase study in Indiana involving three projects (A-012, A-013, and 
A-014-1NU) applies systems analysis techniques to water resources planning ard 
management practices in the Wabash River Basin. The recently initiated three- 
year study is expected to lead to improved utilization of the basin's waters. 

North Dakota research project (B-007-NDAK) is designed to evaluate methods 
of irrigation for the purpose of identifying desif i or designs which maximize 
returns to resources in a Sub-humid climate. 

Computational models which simulate operation of specific types of sprinkler 
irrigation systems are applied to long term climatic records of s test ares. These 
models will compute probability distributions of parameters (i.e», number of irri- 
gations, days of system operation, acre-inches of water pumped* crop yield poten- 
tial, etc,) which may be used to evaluate physical and economic potential 
associated with a specific system type, capacity, and imposed management regime. 
These psrameters sre applied to specific coabinai $ .<’ of physical parameters 
(soils, crops, and irrigated unit aize) and relev coit and return functions 
can be applied. 
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Results are expected to provide the planner with basic information needed to 
estimate physical adequacy of a given design as well as associated economic evalu- 
ation. 

The New Yor k State Conservation Department, Division of Water Resources, is 
conducting a study (C-1126) of use of systems analysis in development of water 
resources management plans for New York State, The research, being carried out in 
connection with a State planning study in the Oswego River Basin, has developed 
two simulation models. One deals with flow of water during flood periods, com* 
putes lake levels, rates of flow in major streams, and stages of major streams on 
short time intervals. Damages occurring under various storm conditions and manage- 
ment procedures can be computed. The second model routes, or budgets, monthly 
flows and operates the system of lakes to meet needs at key points for uses such 
as navigation^ water supply waste assimilation, irrigation, recreation, fish and 
wildlife enhancement, and power. Problems with basic hydrologic data have been 
encountered with both models but, steps are being taken to correct the situation. 

An optimisation model utilising dynamic programming has also been developed. 
Hopefully, it will point out the most promising means of operating the system from 
the infinite number of possibilities. These will then be tested through Simula* 
tion and it is expected the models will provide the analytical tools for studying 
issues of basin-wide impact. 

In another New York study (B-017-NY) the object if to evaluate alternative 
techniques for involvement of the public in water resources planning and develop- 
ment. It will accomplish this through measurement of attitudes, preferences and 
awareness of coonunity leaders and agency personnel before and after an experi- 
mental program of public involvement in a small basin currently undergoing an 
intensive planning effort. It is hoped this study will result in new approaches 
by planners to water resources development and to greater public understanding 
and involvement in the planning process. 

Land development in vicinity of Urge multipurpose reservoirs poses many 
problems in water resource management. Demand for reservoir shoreline usage is 
increasing rapidly and conflicts between uses of the reservoir and shoreline 
development are becoming acute. North Carolina project B-012-NC involves develop- 
ment of s forecast model for testing of alternative policy mixes for their effec- 
tiveness in promoting desirable land development patterns arovrtd multipurpose 
reservoirs. A concurrent study (B-010-NC) of the Durham Municipal Watershed is 
investigating effects of various types of land use on water yield, quality and 
cost. 



In Missouri . 125 public water districts are either in operation or in process 
of being developed. Information on these water supply districts supported by the 
Farmers Home Administration has been secured (A-018-M0). Among aspects studied 
were attitudes of the people being served and problems of operations. Districts 
are bringing ample amounts of high quality water to farmers and villages that pre- 
viously lacked water meeting public health standards. It is believed this new 
utility is halting or reducing population movement from rural areas to cities in 
localities being served. 



Evaluation Process 

In s esse study of Clinton County, Pennsylvania (A-009-PA), the principal 
investigators have provided an imaginative demonstration of the effectiveness of 
input-output analysis for decision-making in water resource planning and manage- 
ment. The basic approach was development of a combined money flcv*vater flow 
input-output model for the county based on intensive local sampling of economic 
activity in which economic activity and water usage (both quantity and quality) 
are related. One of several interesting applications of this model was the 



analysis of a series of "real-life*' alternatives for dealing with the problem of 
water quality requirements for a large paper rail! in the county, such as: 

1. Accepting loss of the industry from the area because of poor 
water quality. 

2. Providing high quality treated water to the company from the 
local water utility, passing full costs on to the mill. 

3. Sharing above costs with the mill. 

4. Various tax measures applicable either to the mill or 
public-at-large. 

The model clearly indicated direct and indirect economic consequences of the 
above alternat ives, providing decision makers with highly significant facta for 
making their Judgments. 

Minnesota project B-031-M1NN it designed to study Participatory Ecology groups 
in Minneapolls-St • Paul, Miami, and two other metropolitan areas in the USA. Major 
research objectives are to: (la) Identify and analyze structure, function and 

process In Participatory Ecology groups in each of the above areas; (lb) Determine 
linkages with other Part icipatoiy Ecology groups across the country, and slso with 
other groups engaged in social action human rights; (lc) Determine processes in 
movement formation, or impending factors. (2) Determine extent to which ideology 
and activities of Participatory Ecology constitutes sn attempt to redefine man's 
relationship with the water resources environment. (3) Assess the adaptive aig- 
nificance of Participatory Ecology in promoting ecological thinking and improving 
quality of the water resources environment, particularly of urban areas, by such 
means as: (s) influencing power elite; (b) involving people at grass roots; and, 

(c) experimenting through trial and error in water resources environmental problem 
solving* (6) Expanding knowledge about the social movement structure function, 
process, capability and limitation* The three-year study should provide results 
useful for evaluating the role of group action in improvement and development of 
water resources. 

In North Dakota the economic impact of construction of the Garrison Diversion 
Irrigation project was studied (B*002*NDAK). The initial phase of the project 
will permit irrigation of 250,000 acres. Ultimately, 1,000,000 acres are ached* 
uled for irrigation when the project is completed. 

The study ares selected was seven counties in southwestern North Dakota. With 
agriculture as the major basic industry an intut*output study was made to project 
economic impacts of changes In the economy resulting from the Garrison Project* 
Interdependence coefficients based on regression coefficients ware applied to 
increased agricultural incomes expected to result from the first 250, uOO acres to 
be developed. This computation indicated that the expected $12,979,000 increase 
in agricultural income would result in sn additional income of $28,l&4,000 
(multiplier effect) in the local economy* The analysis also indicated expected 
distribution of this Income among 30 sectors of the local economy* 

Another study in the Northeastern part of N orth Dakota (B-002*NtMC) was 
designed to describe the economy of a ten*county area prior to start of construe* 
tion of irrigation and water*based recreation development expected to result from 
Garrison Diversion project* Input*output analysis will continue on s long-term 
basis to permit measurements of the economic impact cf viter-bised development 
in the ares as it occurs* Results to date are being used by the Cooperative 
Extension Service in their resource development program in the area* 

A study (ft-007*€0i£) on economics of ground water development in the high 
plains of Colorado was completed using recursive linear programing methods for 
analysis* Life expectation of ground water aquifers was estimated for three dit* 
ferent areas* these estimates ranged from approximately 40*150 yeara depending 
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Quantification of statistical demand functions for five outdoor recreation 
activities has been the objective of B-014-NY. Resulting functions have been used 
for projecting future demand for these activities, their economic value, and the 
effect of systematic pricing mechanisms on demand In New York State* A research 
bulletin reporting results of this phase of the project is being published. Hope* 
fully, results can be integrated with planning programs for the Finger Lakes Region 
of New York* 

In Ohio , project A-OOS-OHIO explores public investment criteria for water 
oriented recreation in the Lake Erie Basin. Two parts of the project, the Invest- 
ment study and demand study, are being combined and conclusions drawn on the sig- 
nificance of various funding measures, including pollution taxes, user charges, 
and other revenue sources. 



Water Demand 



Results of the Joint Arkansas - Oklahoma projects D-001-ASK and B-006-OKLA 
dealing with water resources planning of interstate waters have been used by the 
Ark an* a a -Oklahoma Compact Committee in recommending apportionment of Joint water 
resources of these States. Through proposed computer studies based on recorded 
flows, simulated storage and accompanying losses, the project is expected to pro- 
vide s means of predicting flows and water quality for use In water planning and 
management* 

In project B-002-NJ a comprehensive analysis of man-made organic pollution of 
three important New Jersey river basins was completed and correlated with popula- 
tion and industrial growth rates. Results indicate unrecorded pollution sources 
such at storm drain runoff, agricultural activities, septic tanks, and spills 
greatly exceed pollution loading emanating from recorded effluents* Based on 
basin-wide analysis of BOD loading for the Passaic River, it was possible to com- 
pute the number of aerators required for an FWPCA» sponsored demonstration project 
that Rutgere performed. This demonstration project utilising in-stream mechanical 
aeratora produced promising results that could conceivably lead to utilising 
mechanical aeratora aa an adjunct or aubstitute for conventional sewage treatment. 

During the paat year, Hittaan Associates of Columbia, Marylan d, made signi- 
ficant advances In building on their ’'MAIN 1" system of computerised models for 
estimating municipal water requirements. In project (C-1396), a computerised 
predictive iystem was developed which calculates and projects municipal water 
requirements, based on specific demographic, e&nomic, and climatological data* 
This system Is being utilised by Gulf South Research institute as part of s com- 
prehensive water and related land resource plan being prepared for the Department 
of Public Works of the State of Louisiana. It is expected the system will also be 
used in the Mississippi River Commission's Water Needs Study for Louisiana. 



In an allied effort (C-1397), Hittman Associates developed a system of gen- 
eralised models for computerised evaluation of a wide spectrin of water conserva- 
tion practices. 



the purpose of Georgia project B-011-GA was to determine price and income 
elasticities for water consumption in the humid Southeastern United States. House- 
holders in 14 municipal vster systems were interviewed lor socio-economic charac- 
teristics snd vster cons vaspt ion was correlated with these characteristics* 

Physical factors, auth as lawn area, did not significantly affect household con- 
sumption of water. However, there were definite differences in consumption of 
water due to vsr 1st ions in prices of water and incomes or income surrogates such 
as value of the residence* Price elasticities were generally about -0.68 and 
income elasticities were generally about 40.80. Industrial consumption in poultry 
processing plants, textile finishing and pulp manufacturing varied considerably 
among plants in each industry according to gross ust and use per unit of product. 
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However, these variations appeared more closely related to such things as age of 
plant and management practices and not to price of water nor to value of marginal 
product produced by that water. 

Water Law and Institutions 

A study (A-015-MINN) on hydrologic and other aspects of water laws and major 
court decisions in Minnesota had, as part of its objective, determination of the 
extent to which statutory laws and court decisions reflect existing scientific 
knowledge of the hydrologist* Other aspects of water laws with which the study 
was concerned include: areas of inconsistent regulation; extent to which water 

policy has been defined and developed by existing water laws; extent to which 
priorities of use have been established by existing water laws; effectiveness of 
existing water laws in dealing with specific problems; ci.d, water law obstacles 
to effective water resource development and management. 

The study indicates direction in which State water law is moving, and offers 
suggestions concerning areas where legislative efforts might be placed with respect 
to hydrologic and other important aspects of water law. This compilation is an 
excellent water law source reference. 

In Alabama , project B-012-ALA has dealt with legal aspects of water resources 
use in relation to economic development. This State, with an abundant supply of 
water, has had few serious water problems resulting in litigation during the past 
few years. However, demand for water is increasing with industrial and urban 
growth and eventually conflicting demands will be settled in the courts. In anti- 
cipation of this, the study explored legal alternatives for control of water use, 
such as zoning and permit systems, designed to prevent serious conflicts. 

Two Kentucky projects (A-D20 and A-022-KY) are concerned with problems imposed 
on people because of water developments which result in some form of cultural 
change such as having to move. In the Salt River Basin near Louisville, ecologic 
impacts of a reservoir scheduled for construction will be studied, including human 
ecology as well as effects on flora and fauna. Hopefully, the study will provide 
a better understanding of human problems in such undertakings to the end that 
greater facilities for adjustment might be afforded people in similar future 
efforts. Through a combination of studies--some completed and others recently 
init iated--the biological, sociological, anthropological , and economic values as 
affected by the reservoir development will be appraised. 

Engineering Science, Inc. is completing a study (C-1496) on systematic evalu- 
ation of management effectiveness of the Regional Water Quality Control Board 
System of California. A computer-operated simulation model of the decision-making 
process of the Regional Boards has been developed and is being used to examine 
factors involved in the water quality control function. Results of simulation 
runs will be used to gain insight into characteristics and structural elements 
of decision-making in water quality management, with expected application to 
policy-making in this field. 

As a follow-on project Engineering Science will study decision processes in 
water quality management (C-1736). This study will evaluate, using dynamic simu- 
lation techniques, decision-making processes at both agency and group or individual 
levels in the multi-agency system of water quality management. A decision situa- 
tion simulation package will be developed whf h can be used by water resources 
management and policy-making groups to evaluate their own decision-making processes. 

"Institutional Factors influencing Water Development in Texas " is the title 
of project B-025-TBX. Two kinds of land-water developments have been studied o 
discover and analyze institutional factors which have been and will be imports 
One is development of land and surface water resources of the lower Rio Grande 
for irrigation of crops. This is an area of intensive development and use, bj» 
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on (a) rate of well development, and (b) annual adjustment in enterprises. Each 
area was programmed first with an assumption of restricted well development and 
then increasing development. If well development is restricted on current levels, 
economic life of the aquifer will be as long as 150 years in some cases. If cur- 
rent well development is doubled every five years, irrigated agriculture will 
become unprofitable in approximately 40 years. 

This project is highly relevant to current ground water problems in Colorado. 
The Colorado Ground Water Commission has been furnished an economic analysis for 
use in policy and planning showing alternatives facing High Plains water users in 
a ground water mining situation. 

Project (B-005-FLA) is concerned with development of an optimum water alloca- 
tion scheme for the extremely complex water system of the Kissimmee-Okeechobee- 
Everglades region of central and southern Florida . The Central and Southern 
Florida Flood Control District was created in 1948 to provide relief from flooding, 
A complex system of canals, levees, pumping stations, spillways, navigation locks 
and retention basins has been developed, the operation of which is prescribed by 
rule curves developed with flood control as their primary purpose. Since 1948, 
when the Distiict was created, critical water shortages in the Everglades and 
objectives other than flood control have become increasingly important. Among 
these are w?cer supply, public recreation, fish and wildlife conservation, pro- 
tection of ground water from salt-water intrusion, irrigation, agricultural 
diainage and improvement of navigation. 

This study will help in determining water management policies and operating 
procedures for optimizing allocation among these needs, 

A Utah study (B-004-UTAH) on economic effects of water allocation among 
alternative industrial (non-agricultural) uses estimated increased demand for 
water in the State between 1963 and 1975 to be 1,455,000 acre feet. Crops are 
expected to require 1,203,000 acre feet and non-agricultural sectors 252,000 
acre feet. 

As was suspected, the marginal income value of water to the Stare was found 
to be lowest for crops. The marginal income value was highest for soue of the 
services categories. The study was regarded as providing a basis for forming a 
list of priorities on the relative marginal value of alternative uses of water, 
and on the relative needs and scarcity of water. 

Water Resources Engineers firm of California has made encouraging progress in 
developing an objective methodology (C-1477) for determining the value of a wild 
river and providing the basis for decision-making or whether such a river should 
be allowed to remain ’'wild, 1 ' developed to a small extent, or developed fully to 
produce traditional economic goods and services. 

Two forward-looking methods are being worked out. Hie first expresses eco- 
nomic growth patterns of river basins in mathematical terms so that relationships 
between benefits to be derived and costs to be Incurred under various levels of 
development can be made explicit. All terms, both benefits and costs, are being 
treated as monetary values. The second method is based on the requirement that 
all values, both monetary and non-monetary in nature, shall be reduced to a common 
unit of expression. This means that each element, e.g., dollars, picnics, and 
redwoods will be treated according to a common numerical procedure. Measurable 
dollar-benef it s will be increased by a multiplier that reflects nonmeasurable 
benefits that arc either illusive, secondary dollar-benef its or those having 
inestimable esthetic value. 

Expected results, not heretofore achieved, should enable quantifications of 
esthetic values and sound standardization of the evaluation procedure. 
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with considerable problems of efficiency of use of land and water* Institutional 
arrangements have contributed to these problems, for example! (1) uncertainty 
in water rights has caused under- investment in facilities, (2) proliferation of 
special districts has prevented attainment of optimum size of distributional units, 
and (3) inappropriate water pricing policies contributed to inefficiency of use of 
water* Effects of changes in these and other institutional arrangements on effi- 
ciency of water use has been and is being studied* 

The second development studied was land and Water Development the High 
Plains for agriculture, industrial and municipal uses. Work has involved consider- 
ation of institutional factors affecting both ground water and transfers and use 
of imported water. Significant institutional factors were studied in terms of 
their possible positive and negative effects as the plan is implemented. 

Project A-024-GA will examine effects of municipal water service policies on 
economic growth of suburban areas and t/ill involve investigations in 20 Georgia 
cities with populations between b , 000 and 100,000. Effects of various water 
extension policies on recent industrirl growth will be determined. Findings will 
be used to establish guidelines on wa';er management policies designed to attract 
new industries* 

ProjectA-012-NMEX is a study of the history of water utilization in New Mexico 
and the Southwest--with particular reference to the impact of legal and institu- 
tional controls on water management. Investigations are being made of the evolu- 
tion of water law in New Mexico and the influence of Indian, Spanish and Mexican 
law and custom as it has persisted in the State. Development of New Mexico water 
law is being compared to other Western States. State impact of legal interpre- 
tations and effects of certain federal legislation on water law is being analyzed* 
Other factors being studied are: Impact of interstate and international river 

compacts; extension of state control over groundwater; and broadening of the 
pioneer concept of water use for domestic, agricultural and mining purposes *■"> a 
much more comprehensive base. 

A Title II multiphase grant (C • 1228) with the University of Wisconsin haj been 
organized into a critical path framework directed to technical and institutional 
aspects of water quality management. Results expected will permit comparison of 
total cost of a minimum cost system, with total cost if uniform reductions in waste 
discharges are required of all waste producers. Also demonstrated will be ..imita- 
tions of existing institutional arrangements for realization of potential economies. 

In a Connecticut project (A-012-CONN) an economic evaluation has been made of 
the State's water law system. Considerable attention has been directed to inter- 
relationships among laws pertaining to water rights, public water supply and 
pollution control* 

Three economic concepts have been used* First, use of water resources depends 
largely on costs and benefits resulting from particular uses, and, as far as 
possible, rights and regulations should give consideration to all potential water 
users. Second, rights and regulations should be sufficiently stable to encourage 
investment and yet provide for reallocation of use in the course of time* Third, 
there should be economic incentives to encourage reducing consumption and waste and 
improving waste treatment processes* 

Major conclusions of the study are: (1) uncertainties and inflexibilities 

often associated with riparian rights have not impeded development of withdrawal 
uses; (2) a permit system should be established for major ground water withdrawals; 
(3) riparian rights have not been effective in protecting recreational uses; (A) 
there is need for legislation to protect non-commercial uses from diversions for 
public water supply and detention for hydroelectric production; and, (5) effluent 
charges would be valuable in encouraging research on pollution control, but should 
not be relied upon to limit waste. 
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Primary emphasis of project A-013-NEB will be on legal alternatives for 
achieving efficient conjunctive use of ground and surface waters in Neb r aska . An 
analysis will be made in Nebraska and other states, of legal-inr.t itutional-adminis- 
trative structures through which water is transferred between competing users and 
uses. The following will be studied; (a) problems resulting from the present 
,r dual system" of appropriat ive and riparian rights; (b) rights of overlying land- 
owners to percolating waters that are tributary to a watercourse versus vested 
rights in the stream itself, whether appropriatlve or riparian; (c) what other 
States have done to reduce interferences between well owners and prior appro- 
priators of surface watercourses', (d) problems of providing water supplies to 
towns and cities and to industries outside territorial limits of municipalities; 
and, (e) local districts in relationship to storage, groundwater management , and 
integrated use of ground and surface waters# 



Contr o l of Heated Water Discharges 

Statement of the Problem 

Temperature is one of the most important environmental factors controlling 
life on our planet. Through evolutionary processes, organisms have become adapted 
to living within various ranges of temperatures. Both the optimum temperature and 
range of temperature tolerance differ among species of organisms and constitute 
dominant environmental parameters affecting community structure and interspecies 
compet i t ion . 

Various side effects from man's advancing technology and rapioly increasing 
population are producing significant changes in temperature in many natural habi- 
tats. Increased rates of energy production required by the Nation will be matched 
by comparable production of waste heat. Research is needed on: determining 

tolerance characteristics of healthy communities of aquatic forms in respect to 
temperature change; improving technology of heat dissipation and production pro- 
cesses of industries characterized by high heat loading of the environment; 
development of methodologies for site selection of plants to minimize detrimental 
effects of heat loading on the environment; and, evaluation of beneficial uses of 
rejected heat. 



Research 

A Missouri study (A-020-MO) is being conducted on a 4500-acre reservoir where 
heat from a 475 megawatt plant is returned to one arm of the lake# Results indi- 
cate heated water may have a beneficial effect on growth of fishes if It does not 
exceed their tolerance to high temperatures; it may provide a temperature regime 
which will allow introduction and survival of desirable forage fish such as the 
threadfin shad which typically has a more southerly distribution; and it keeps an 
arm of the lake ice-free during winter when the rest of the lake is frozen, and 
thus opens up a winter fishery for local sportsmen. Studies conducted in coop- 
eration with the Missouri Department of Conservation, however, suggest that take 
of largemouth black bass concentrated in the warm water arm of the lake may be so 
high that this fish could be over exploited. 

Much is to be learned regarding eftects of heated water on aquatic biota. 

In an Arkansas project (A-007-AF5O mosquito fish (Gambusia af f inis ) were permitted 
to select temperatures in a tank where water temperatures were regulated »o as to 
range from hot to cool in a series of connected compartments. Final distribution 
of ; h* fish varied with sex and developmental stage. Males selected lower temper- 
ature* ^han did adult females and young fish occurred mostly at temperatures 
higher than those selected by adults# Such Information may be of value in assess- 
ing impacts of heated water discharge,! on fish or aid in improving management of 
receiving waters, 
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Most studies aimed at evaluating the effect of heated water discharges have 
been devoted to effects on fishes and shellfishes* Virginia project B-017-VA, 
conmenced July 1, 1969, is concerned with effects on microbiota protozoa and 
algae* These organisms are at the base of the food chain and their reduction or 
elimination will be reflected ou larger, economically valuable organisms. Results 
should be useful in establishing water temperature criteria. 



In Maryland , thermal pollution was one of the major areas of research* Pro- 
jects A-002-MD and 01401 provided very significant results In documenting harmful 
effects of thermal pollution on shellfish and finflsh as well as on biota In 
their food-chain. One part of project A-Q07-MD was closely allied in researching 
means for discharging hot water Jets into an ambient body of water with a minimum 
of thermal pollution. 



Construction of a large power plant on the Mississippi River near Monticello, 
Minnesota , is scheduled for completion in February 1970. Heated water will be 
discharged from the plant during operation, causing changes in the environment. 



Reaearch at St. Cloud State College (8-032-MINN) is designed to determine 
existing ecological conditions In the river before operation of the plant and to 
monitor environmental changes due to thermal discharge from the generator. The 
3-year study Is expected to provide useful information as to the extent such 
changes are serious or damaging. 



If problems of thermal pollution are to be solved, the mechanism of heat 
transfer from water reservoirs must be understood. Virginia project B-002-VA com- 
menced July 1, 1'969, will make analytical and experimental studies to determine 
various relationships of heat transfer from a liquid water surface. Results should 
be useful, not only in predicting effects, but in designing facilities to minimize 
problems from thermal pollution. 



Some electrical generating plants on the Tennessee River system have exper- 
ienced difficulty in having an assured supply of influent cooling water. It has 
been found possible, under certain reservoir operating conditions, for an electric 
generating plant to utilize its own heated discharge as cooling water. The 
Tennessee Center with cooperation of TVA personnel is conducting research (B-005- 
TENN) of considerable potential value in the siting of generating plants in rela- 
tion to reservoir operation. The study is attempting to determine, in a labor- 
atory flume, interaction between an open channel water body and the transient 
waves generated by time-varying discharges at the upstream and downstream ends of 
the reservoir. Results should be useful in determining improved reservoir opera- 
tion for numerous purposes, including operation of existing electrical generating 
plants and better site location for future plants. 

Work is under way in Oregon (8-0Q9-0REG) to utilize heated water from nuclear 
power plant 8 for beneficial uses in stimulating plant growth and extending the 
growing season in cold climaces. The investigation is at present concerned with 
determining influence of soil temperature and heated water on rates of photo- 
synthesis, transpiration and respiration under controlled laboratory conditions. 
This project is in response to growing public concern about thermal pollution in 
the Nation’s streams. Coupled with this is a growing requirement for more irri- 
gation water. If this project can demonstrate that warm water from a reactor will 
benefit certain crops, a two-fold problem will be somewhat alleviated. 



A Rhode Island study (B-022-RI) is concerned with the design of a new com- 
munity to recover waste heat from a proposed nuclear power plant rather than dis- 
charging it into adjacent coastal waters. This study will investigate residential, 
commercial, industrial and public benefits of such a plan, with consideration of 
effects on water ecology if the development of a power reactor is fully integrated 
with and made a focal point of a new community. 
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Water resources research requires both field and laboratory 
studies and a wide variety of techniques and equipment. 




8111 Burley •'amphicatting” across the ice-covered floodplain 
to take winter samples for Project 8-025-ltt. 

Photo, Courtesy llhr.uis State Natural H. story Survey 




Experimental plot in North Carolina study of 
ground and surface water contamination from 
pesticide applications to cotton. Dr. Thomas J. 
Sheets of North Carolina State University is 
Principal Investigator. (A - 040 * NC) 



Dr. 8. Houston Atwell, principal investigator 
of project A014-LA pulls up a bottom sam 
pie. He is s. '(dying planktonic life and its 
chemical env ronment as part of an overall 
investigation into pollution and ecological 
changes in Lake Po ntch a rtr ain due to storm 
drainage and flood control projects. 
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Building and installing field measuring devices such as 
lysimeler boxes can be hard work. These 10 x 10 boxes 
were loaded with fill soil after the installation of five 
neutron probes and boyoucos resistance blocks (the coiled 
2 ply wires are lead lines from 
the blocks) in each box. Note the 
large boulders in the background 
which had to be removed during 
the excavation for the lysimeters. 
(Project Mo. A-014-HI) 





















Mechanical aerator tests feasibility of 
instream aeratior. of the polluted 
Passaic River, New Jersey. 

Photo, courtesy New Jersey Water Resources 
Research Institute 
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Control of Sediment 



Statement of the Problem 

Sediment originating in soil erosion and in construction activity has long 
beo.n an important problem in water resources development. However, importance of 
sediments as pollutants is increasing, particularly in view of the ability of soil 
to adsorb pesticides and other organics including oily substances and to release 
these materials in the water resource. Indeed, this facility of sediments to 
receive chemicals from the solution phase, when properly understood, may be sub- 
ject to manipulation and made to serve effectively to trap and immobilize harmful 
wastes moving in our environment. But man 1 s intervention in sediment control must 
be based on sound understanding of ecological factors involved. 

Numerous subject areas for further research for effective control of sediment 
include: methods of physical and socioeconomic evaluation of effects of sediment; 

physiochemical properties of sediment and its potential for trapping chemical and 
organic pollutants; and, effects of sediment on aquatic biota and eutrophication 
of lakes and reservoirs. 



Research 

Chemical contaminants found in surface and subsurface water as related to 
soil and climatic conditions were studied in Maine (A-006-ME). Results indicated 
amounts of insecticides in runoff were small compared to amount applied. Less 
than one percent of amounts applied were received in runoff. Concentration of 
insecticides was considerably higher in the soil or sediment fraction of the 
runoff . 

Concentration and amounts of endosulfan, endrin and DDT were lower in runoff 
from a rotation system of potatoes, sugarbeets and peas than from continuous 
potatoes. In climatic areas where considerable runoff and soli loss may occur, 
an effective rotation system can reduce contamination from pesticides due to 
runoff. This study points out the importance of developing conservation practices 
that will reduce runoff and thereby reduce pesticide contamination of water 
resources . 

An Iowa project (A-029-IA) involved study of a series of investigations to 
ascertain effects of channel curvature on depth-discharge relationships and sedi- 
ment transport rates of alluvial-channel flows. Results Indicate the energy 
gradient is only slightly affected by channel curvature, but rate of sediment 
transport is increased by a factor of 10 to 20. Hence it appears meandering is a 
means whereby streams increase tb > amount of sediment they can transport per unit 
of water discharge. 

In a Vermont study (A-006-VT) an extensive evaluation was made of the 
Champlain Valley on amount and location of ground water supplies, sand and gravel 
resources, and areas where erosion could be a problem. This information hap been 
mapped and Is proving valuable for further resource planning and in evaluating 
the success of an erosion control program Instituted by the SOS and Corps of 
Engineers in the Winooski River area in the 1930’s. 

A Missouri study (A-028-M0) has been started to establish feasibility of 
embankment protect Ioti--such as along Irrigation canals--by use of a single graded 
filter layer In place of more common and costly multi-layered filter systems. The 
study Is expected, also, to provide design criteria, furnish needed Information of 
particle migration through and within a graded layer, and aid in establishing a 
mathematical relationship which will predict the filter layer performance. 



Effect of dredging on nutrient levels and biological populations of a lake 
will be studied in South Dakota (B-013-SDAK) • The study will be conducted on Lake 
Herman which has an area of 1,350 acres, an average depth of four and one”half 
feet, and six feet of sediment. 

Included in the investigation will be an analysis of environmental factors 
before and after dredging such as phosphorus, potassium, nitrogen, sodium, pH, 
temperature, dissolved oxygen, alkalinity (Ca, Na) turbidity, phytoplankton, and 
zooplankton. Purpose of the three year study is to determine if dredging is an 
effective and efficient means of restoring dying shallow prairie lakes. 

There is a special need to understand mechanisms by which waterborne wastes 
interact with soil. Fine soils and sed.mencs are natural means to remove pollu- 
tants such as detergents, pesticides, radioisotopes and farm runoff. The objec- 
tive of research in Georgia (A-002-GA) is to study particular interactions between 
water suspensions and soil minerals by passing radioactive material through sand 
aquifers* Analysis of data suggests removal rates could be predicted by use of 
existing physical theory and much higher retention by the soil could be attained. 

Water quality and biological research investigations (A-021-M0) have been 
made in the "New Lead Belt" of Southeastern Hi ssouri to evaluate effects of lead- 
zinc mining and mill wastewaters on stream environments. Natural background 
data were collected to establish baselines. Concentrations of heavy metals in 
tailing discharges were below limits of acute toxicity to fish but organic milling 
reagents served to contribute to growth of undesirable mats of blue-green algae 
(Oscillatoria) in receiving streams. 

Suggestions for future stream pollution abatement in the mining area include 
(1) separation of mine discharge water from milling wastewater; (2) increased 
detention time for milling wastewater; (3) baffling or below-surf ace withdrawal 
of water from settling ponds to retain surface film of milling reagents; (A) 
removal of trees and heavy underbrush from settling ponds; and (5) continued 
research to determine improved methods of treating milling wastewaters. There 
has been close cooperation between the mining industry and the research workers. 
Baffles have been designed and will be installed on two settling ponds to test 
their effectiveness* 

Geochemical effects of mining pollution in the stream of this area will be 
studied in project (A-023-M0). 

Also, in Missouri fundamental sorption and desorption reactions of selected 
chlorinated hydrocarbon pesticides with clay minerals were studied (A-016-M0) in 
laboratory controlled environmental systems. The studies showed DDT, dieldrin 
and heptachlor were rapidly adsorbed on kaolinite and illite and equilibria were 
reached within less than an hour of reaction. 

Project A-030-KAN is directed towards a fundamental understanding of the 
heavy metal content of Kansas rivers* Specifically, effort will be made to deter- 
mine partition coefficients between "heavy metal 1 ' concentrations of stream water 
and suspended load; ascertain if seasonal effects are evident; determine the 
relation, if any, between mineralogical composition of suspended load and heavy 
metal concentration in solution; and, evaluate relationship of heavy metfl con- 
tent to geology of the terrain over which the stream flows. 

A West Virginia study (A-008-WVA) investigated geochemical behavior of iron 
and manganese in a reservoir fed by streams containing acid mine drainage. 

Results, especially those showing vertical profiles of iron and manganese con- 
centration by seasons, were used in selection of the intake level for a municipal 
water supply. 

Nebraska project A-003-NEB, briefly reported upon in the OWRR 1968 Annual 
Report, is now completed and has produced interesting results on sediment control. 
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Investigators found the paralleled steep backslope terrace system with tile water- 
ways is a conservation system which reduces water loss and greatly reduces soil 
loss on sloping land while being compatible with modern farming systems using high 
speed equipment. The conservation system also has potential to reduce flood 
hazards by reducing peak rate of runoff from agriculture watersheds and reducing 
the amount of sediment carried in waters downstream. 

Steep backslope terrace systems offer potential of improving our environment 
by reducing nutrient content of runoff water. They can also be used to contain 
livestock waste applied to agriculture land without polluting the stream. Results 
indicate additional research is needed to fully evaluate the potential of conser- 
vation systems for improvement of our environment. 

Prime sites for reservoirs in the United States are decreasing resulting in 
the tendency to construct reservoirs in areas with high siltation rates. An 
Indiana project (B-012-IND) has the objective of providing planners with tools 
and information for predicting soil stability from watershed characteristics. 



Water Quality 



Statement of the Problem 

Normally when we think of water quality impairments, we consider sewage and 
industrial wastes. These sources of pollutants are not, however, the only threats 
to quality of the resource. In addition, the Nation's waters are impaired by: 
street wash of urban areas; 1 xioff and drainage effluent from agricultural lands; 
feed lot dlecharges; sediment from eroded lands and construction activity: mine 
drainage; oily discharges; heated water discharges; and discharges from boats. 
These impairments are growing in sheer magnitude and few can yet be satisfactorily 
controlled. 

A wide range of research is needed on: environmental effects of water pol- 

lutants; detection methods; methods of control; Improved water management tech- 
niques; Improved engineering works; and, methods of in situ cleansing of impaired 
water. 



Research 



Identifying Pollutants 

As concern grows with respect to pollutants in the environment there is need 
to be able to detect elements and compounds which formerly were of little or no 
concern. Project A-013-KY deals with techniques for analyzing and detecting 
trace metals and organic materials. Flame emidsion spectroscopic studies are 
involved and techniques being developed will be used to analyze Kentucky waters 
for a number of trace elements for which no data are available. Companion 
Kentucky projects A-014 and 015-KY explored other techniques of identifying water 
pollutants . 

Research study B-002-AFK deals with distribution of trace elements in selec- 
ted Arkansas impoundments and factors influencing distribution of these elements. 
Investigations in the Ouachita River below Lake Catherine during late euramer of 
1968 showed a significant quantity of manganese was released into the river during 
power generation and that portions remained in solution as far as 25 miles below 
the dam. 

Laboratory experiments conducted to supplement field studies of trace metals 
near t.ie mud-water interface have provided considerable information on behavior 
of manganese and iron in relation to varying concentrations of oxygen and thermal 
stratification. It would appear manganese is present almost entirely in dissolved 







form in the oxygen deficient zone while a significant portion of iron is present 
in particular form. Results suggest that migration of reducing substances from 
bottom muds may account for essentially all oxygen consumption under the therrao- 
cllne* 

Objectives of a Massachusetts study (A-026-MASS) are twofold; (1) to inven- 
tory all species of vascular plants growing within the Mill River in Massachusetts 
or on its flood plain, and to carry out intensive ecology studies Of these plants 
at selected sites along the river course; and (2) to determine microbial flora 
Of the tlyer at these selected sites. 

Distribution and abundance of both macrofloras and uicrofloras within the 
river and its flood plain yill be correlated with patterns of land use. Results 
will be available in the future when changes in diversity of flora or abundance 
or composition of its elements, may indicate environmental deterioration or 
improvement* 

Michigan is continuing a study (A-023-MICH) on quantitative assessment of ^ 

space and time variability of major water quality parameters in the Grand River 
System. Basic ecological investigations underway place particular emphasis on 
phosphorus and nitrogen pathways through the river system. 

V 



Pollution Sources 



Extreme variations in concentfa t ion of pesticides in water and in various 
forms of aquatic life are shown in an Iowa research study (A-027-IA) . Results 
indicated; Pesticide residues in water varied from trace amounts to a maximum 
of five parts per trillion; mud samples contained higher concentrations of pesti- 
cides than water; algal samples contained far higher concentrations than either 
mud or water; fish samples contained higher concentrations than mud or water; 
and dieldrln was the pesticide most frequently found in fish. 

It was concluded that no generalization can be made regarding behavior of 
different pesticides in different environments. Concentration of pesticides in 
water depended upon a wide variety of factors. Highest concentrations usually 
occurred from July to October. Only trace amounts appeared from January to March. 

In Kansas (B-007-KAN) an investigation has been made of relationships between 
pesticidal application and water contamination under irrigation in the Great Plains. 
Nine pesticides most commonly used in irrigated areas in the Central Great Plains 
have been applied on experimental fields in accordance with State and Department 
of Agriculture recommendations. Some pesticides have been applied for three years, 
others for four, 

No confirmed, detectable contamination of well water was found at the 0*1 ppb 
(parts per billion) level, nor from total insecticide use in the irrigation dis- 
trict or entire drainage area. Deep soil core sampling demonstrated that insec- 
ticides penetrated the soil less than 12 inches* 

Arkansas project B-012-ARK is concerned with quantifying nitrogen and phos- 
phorus nutrients entering Beaver Reservoir in the northeast part of the State* 

Major source® of nutrients are being identified and their significance in eutro- 
phication is being assessed. 

Results indicate agricultural runoff was the major source of nutrients--both 
nitrogen and phosphorus. This was followed by domestic wastes and non-agrlcultural 
runoff, urban runoff and rainfall. 

The purpose of a Rhode Inland project (A-031-RI) is to develop criteria for 
study of water pollution in estuaries through aerial photography. Confirmation 
of water pollutants will be related to patterns delineated by serial photo- 
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grammetry of an estuarine area. Several types of cameras will be tested* It is 
hoped sensing methods developed will be useful in design aspects of water quality 
management programs for estuarine areas. 

A Maine project (A-015-ME) is designed to provide information on parameters 
that control aging of lakes* The study will determine: (1) nutrient levels 

(nitrogen and phosphorus) responsible for nuisance algal conditions; (2) rate of 
change in nutrient levels in several lakes; (3) effects of removal of major sources 
of nutrients on algal conditions in lake waters; and, (4) effect of biological 
treatment of waste water on algal and aquatic plant development in lakes. 

Results will provide management information useful in reversing the eutro- 
phication process and restoring eutrophic lakes to their former usefulness.- 

In South Dakota (A-025-SDAK) pollution potential of runoff from livestock 
feeding operations is being studied. Continuous recording rainfall gauges and 
runoff measuring devices are being installed on large feedlots and self starting 
automatic samplers are being used. Analyses of samples and evaluation of data 
collected during runoff producing storms should provide sufficient information 
for appraisal of the pollution problem from feedlots due to rainfall. It is also 
anticipated that effectiveness of lagooning or other methods of solids retention 
can be evaluated. 



Effects of Pollution 



A study of open water distribution and abundance of net plankton as an index 
of eutrophication in Lake Superior has been completed in Minnesota (A-011-MINN) . 
The study utilized a carbon-14 productivity technique and a continuous plankton 
recorder. Results have shown these methods to be effective for study of fauna 
and flora of the Great Lakes and for obtaining biological data relevant to 
productivity of water in the Great Lakes basin. 

The continuous plankton recorder provides a means for assessing effect of 
pollution and ensuing eutrophication as reflected by studies of the second trophic 
level in a manner heretofore unobtainable; and, carbon- 14 productivity studies 
proved effective in demonstrating that differences in primary phytoplankton pro- 
duction occurred in water masses of the Great Lakes system* Data accumulated in 
these studies will furnish valuable reference levels for persons interested in 
rates of eutrophication, productivity and water quality of the Great Lakes in 
future years. 

A Maine research study (A-007-ME) evaluated effects of salt applications to 
deice highways on sodium and chloride levels in: (1) rivers and streams; (2) 

private water supplies contiguous to highways; and, (3) soils bordering highways. 

Analyses indicated highway salting has no effect on sodium and chloride 
concentrations in rivers. However, semi-annual analyses of 100 randomly selected 
wells along Maine highways indicated sodium and chloride levels were much higher 
than normal. Twenty-five percent of the wells were found unfit for drinking water 
because they contained more than 250 ppm (parts per million) of chloride. 

Sodium and chloride levels in soils contiguous to highways bore a direct 
relationship to length of time during which highways had been salted. khere salt 
had been applied for 20 years, sodium levels had increased for a distance of 60 
feet from the edge of the highway, and to a depth of 18 inches. Sodium saturation 
of soil approached 15 percent at some sites. Chloride levels in the soil-water 
system produced equivalent of an "alkali 11 condition. 

In Vfest Virginia a significant portion of the research program is devoted to 
serious water quality problems caused by acid-mine wastes* Three projects (A-001, 
A-006, and A-017-WVA) have examined toxicity of such wastes to various fishes and 
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determined effects on distribution, growth and abundance of fish apeclee it th » 
Monongahela River. It was found that fish species vary In their tolerance 
acidity. The brown bullhead is most tolerant of West Virginia species. Sit.cc 
it is fairly abundant and favored by anglers, sport fishery management in acid 
waters Is urged to focus on this species. These studies have been useful in 
establishing water quality criteria for conservation of fishes. 

Other West Virginia studies (A-002, A-014, and A-018-WVA) Investigated 
effects of acld-mlne wastes on sewage microorganisms. It was determined that 
these wastes reduce sewage bacteria, extent depending upon the acidity. Yeasts and 
fungi assume part of the degradation function under such conditions. 

Project A-011-WVA Is concerned with tolerance and cytologlcal response of 
algae to acld-mlne wastes. No clear-cut results are available yet, but these 
studies will be continued In view of Importance of algae as basic food In aquatic 
ecosytems and as producers of oxygen. 

Algae are Important as a nulaance factor In many types of wster system. Xo 
date control methods have Involved use of chemical compounds such as copper which 
may be toxic to other form* of life. A Kentucky study (A-018-KY) Is examining 
inhibitory compounds produced by algae themselves. These metabolic by-products of 
algae In mixed culture can enhance growth In some animal and plant, forms while 
Inhibiting growth In others. \ r hla line of study may provide clues to a biological 
method of controlling algae In domestic water supplies, recreational lakea and 
streams. 

A Mississippi study (A-027-MISS) evaluated physical, chemical and micro- 
biological changes that occur In fresh and brackish water during decomposition of 
crude and refined petroleum products and the effects of microbial by-products on 
fish. 

Results, using both fresh water and artificial sea water, showed microflora 
caused marked physical changes In oil under both aerobic snd anaerobic condi- 
tions. Disappearance of oil was more rapid under aerobic conditions, however, 
and addition of a nitrogen source and a supplemental lnotganlc enhanced micro- 
bial activity. 

Waters In which microbial degradation of oils had taken place were toxic to 
fish even after separation and removal of bacteria and oil* These data suggest 
water-soluble products formed during microbial decomposition of petroleum products 
are more toxic to fish then was the original oil. Question a* to whether con- 
centration of microbial by-products In nature will be sufficient to affect fish 
must be determined by studies In the field. 

"Eutrophication of Sheltered Bays in a Large Lake" Is the title of Utah 
study B-010-UIAH , Three areas of Bear Lake w*re chosen for study, two protected 
by breakwaters, the third unprotected from wind-generated currents. Results 
showed that shallow regions In lakes protected from extensive water circulation 
go through s very rapid annual eutrophication cycle. 

A Maryland study (B-006-MD) on water quality criteria to protect the fish 
population directly below sewage outfalls shoved that of 98 secondary sewage 
treatment plants In the State, 37 discharged effluents Into flowing streams 
containing fish life. 

To test differences In wster quality resulting from plant discharges, an 
upstream snd downstream sampling station was established for each plant. Pre- 
liminary tests shoved significant differences between the two stations, In cer- 
tain water quality standards, especially conductivity snd turbidity. Marked 
differences also were revealed In fish abundance, masber of species, and diversity 
of species. 
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Investigation of 49 species of fish indicated great differences among them in 
tolerance limit to conductivity and turbidity increments resulting from plant dis- 
charge. Trout, darters, and most species of minnows appeared quite sensitive. 
American eel, white sucker, and most species of sunfish seemed to be fairly tol- 
erant. 

An Oklahoma project (A-OIO-OKLA) evaluated recent approaches for design of 
biological waste treatments. Results related to recent approaches for trickling 
filter designwere presented at a training course for personnel of the Construc- 
tion Grants Division of the Federal Water Pollution Control Administration. It 
was included as outline minber 9 in their Training Course Manual entitled 
’ Planning and Development of Wastewater Treatment Facilities. 11 



Wacte Treatment Proces s 

A Delaware project (A-008-DEL) is investigating potentials for "pre-treatment" 
of sewage effluent, by aeration and activated sludge, in feed pipelines to sewage 
treatment plants. Preliminary findings indicate that utilising "pre-treatment" 
processes might produce significant savings in total capital costs required for 
sewage treatment. Possibilities for a large-scale field testing of the process 
are being investigated and it is hoped this may be started within the next year. 

A New Hampshire study (A-004-NH) conducted in collaboration with the New 
Hampshire Water Quality and Pollution Control Commission, demonstrated that per- 
forated plastic pipes installed in the bottom of a 30-foot-deep lake, and con- 
nected to air compressors, could be used to destratify the lake and to change the 
algie population, thereby making the lake more attractive for recreational use. 

Studies were conducted in Virginia (A-015-VA) to evaluate the coal contact 
process for removal of pesticides and phosphorus from wastewater. Because of 
cheapness of coal compared to activated carbon this process offers potential 
economics, Significant differences in sorption were found among four grades of 
coal, This process indicates that a high proportion of representative pesticides 
can be removed--lindane , parathion, and CIPO. In addition, it showed promising 
results in removal of phosphates when the system pH is in the range of 4,0 to 
5.0 and the coal has an iron content. 

A "seed" allotment project in Michigan (A-026-MICH) resulted in Supplemental 
support from other sources related to recovery and identification of viruses in 
dilute suspension. Initial results showed almost all viruses suspended in river 
water could be recovered using concentrations of 50 parts per million of f)^* 
culant. 

However, a study in Rhode Island (A *025**1) on removing viruses from we ter 
by means of flocrulants vis more limited in ite success, Encouraging results 
were obtained when AL(0H)3 was used to recover polio virus. But minimal success 
using this floe was obtained with NLV strain KM (a myxovirus) , end an avian 
adenovirus (CttO strain Phelps) could not be retrievec at all. Results suggest 
that differential toxicity of floes may be required for selective removal of 
viruses from water. 

A South Carolina study (A-017-SC) is comparing costs of treating textile 
wastes in municipal and industrial sewage plants, the first phase on municipal 
treatment shows textile wastes can be successfully treated by biological processes 
if toxic wastes are first removed* However, less than 25% of municipalities 
levied a charge high enough to cover Incremental costs, A field study is now 
untenny on waste treatment facilities operated by textile manufacturers* Itair 
vssta treatment costs will be analysed and compared to muiicipal costs for 
treating the same wastes* 
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Research in Missouri (B-017-M0) has been conducted on use of surface-active 
agents in a flotation process for removal of zinc, copper, nickel, and lead ions 
from water. Copper and zinc were effectively removed by this method, Some prob- 
lems of precipitation were encountered with lead, Studies of effects of ultra- 
sonic waves on surfactant solutions and flotation efficiency and further research 
on effects of pH on the flotation process are yet to be completed* 

A Kansas study (A-031-KAN) is designed to determine if sludge produced by 
the llme-6oda softener process can be utilized effectively in precipitating phos- 
phate and suspended solids from raw wastewater, this use would not only help 
solve sludge disposal at the water treatment plant but would also permit signifi- 
cant financial savings in oxygen transfer in secondary sludge handling facilities. 
The project anticipates conduct of both laboratory and plant scale tests and prep- 
aration of an economic evaluation of the process. 

Iowa study A-022-1A was concerned with hydrologic aspects of cattle feedlot 
waste management. Using the Iowa River Basin as a model, a method of deter- 
mining required size of feedlot runoff control facilities, such as retention ponds, 
was developed. 1'reclpitatlon. streamflow, and water quality data were analyzed 
and used to establish required size of runoff retention ponds for various manage- 
ment procedures. 

Tests in another Iowa study (A-021-IA) using effluent from an anaerobic 
swine lagoon pointed up the value of soil in reducing pollution, Samples of 
effluent were analyzed for biochemical oxygen demand (BOD), chemical oxygen 
demand (COD), nitrogen, chlorides, phosphates, and pH. Effluent was applied as 
irrigation water on cropland containing a pipe drainage system to maintain 
favorable soil moisture conditions. Reduction in COD was excellent, ranging from 
95 to 987* removal for individual treatments, with 97% average removal. Removal of 
nitrogen ranged from 79 to 83%, with an average of 80%. Chlorides were not sig- 
nificantly reduced by any treatments. All treatments proved very effective in 
removal of phosphates, each removing 99% or more of those applied. 

Effects of application of sugar refining lagoon effluent* on agricultural 
production and biological, physical and chemical properties of Fargo clay are 
being studied in North Oakota (A-019-NDAK) . Initial results on alfalfa and Sudan 
grass indicate no significant difference in crop yield from plants irrigated with 
effluent compared to those with wster. It appears soybean testa, now in process, 
will show no significant difference. Although preliminary, results are 
encouraging that this method will be a practical means of effectively utilizing 
sugar refining lagoon effluents without polluting surface or ground water. 

In Alabama project A-012-ALA investigators are evaluating, through laboratory 
research, gams radiation of textile wastewater as a pollution control measure. 
Waite solutions of particular Interest were those derived from desizing and tex- 
tile dyeing operations. 

Preliminary results indicate that viscosities of siting solutions are reduced 
by the process. Sizing solutions which originally were basic (pH9-lO) may be 
neutralised and rendered acidic. Where siting compounds are polymers, the degree 
of polymerization la reduced. However, chemical oxygen demand (COD) appears to 
be unchanged. Also, although certain of the dye compounds are decolorized, some 
vat-type dyes are unaffected. 

In Colorado (A*007-COLO) studies will be initiated to isolate and Identify 
microorganisms present in sewsge treatment systems in the cold environment of 
high mountain communities. Bench studies will be initiated to determine optimal 
microbial flora for waste digestion at temperatures between 0 and 20°C, 

The Pennsylvania Water Resources Center has done significant work on sptay 
disposal of sewage effluent. Past studies produced promising results for utilizing 
sewage effluent to neutralize acid mine drainage and for applying sewage effluent 
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to crop and forest lands on a year-round basis* Project B-020-PA Is pursuing 
another aspect of spray disposal effluent to neutralize hlghly-acld spoil banks 
and replenish ground water supply. Results of this and allied prior projects 
have led to their practical application in the forthcoming construction of a 
system in the Pennsylvania State College community that will dispose of 4 million 
gallons of sewage effluent daily by spraying it over land areas. 

An Alabama project (B-019-ALA) is contributing to the knowledge of deep-well 
liquid waste disposal methods* Principal lnves^ 'gator, Dr. David H. Grubbs, 
reports that in the Coastal Plain several potential 20 nes have been identified 
which have parameters favorable for disposal of vast quantities of liquid waste 
where there is no risk of contamination of potable ground water. Basic factors 
studied were volume of pore space in various underground reservoirs that would 
accomodate liquid waste and presence of impermeable barriers to prevent contam- 
ination of the fresh-water resource. The remaining portion of the study will cen- 
ter on possible long-range effects of injected liquid wastes. 



Water Treatment 



Missou ri study A-015-M0 shows promise of providing a method for improving 
t existing procedures for removing solids from waste water at a lover cost than 

methods now in use. Separation is attained by forcing a two-phase flow through 
a constriction in a pipe. Solids follow path lines different than fluids. The 
device is described as self cleaning, thus reducing frequency of cleaning sedi- 
mentation tanks needed for secondary separation. Further research is being 
accomplished with non-OWRR funds, 

A Wisconsin study (A-020-WIS) on experimental reversal of the lake eutro- 
phication process was suspended after one year until information could be obtained 
on a more basic question: Is there a measurable relationship between heat input 

to nutrient-rich aquatic systems and output of harvestable biomass? This question 
will be the subject of a separate research study which will explore effects of 
thermal inputs on biological production in nutrient rich ponds. 



Water Quality Control 

Several North Carolina projects (A-035, A-036, A-032 end A-037-NC) desl with 
various aspects of industrial water use and waste control* Water quality problems 
from industrial wastes in North Carolins come largely from textile, pulp and 
paper, and food-processing industries* The practice of dealing with industrial 
wastes primarily as treatment problems inflates costs of remedial action* Waste 
treatment is expensive and should be a last resort, the studies show that such 
alternatives as more efficient water use, chemical substitution and recovery, 
process change, waste by-product development, and other internal means offer many 
possibilities for substantial cost savings to industries involved* Because of 
demand for decrease in waste discharges by industry in the flee of rising produc- 
tion, every effort should hi made to eliminate wastes at point of origin as well 
as to forge ahead with development of improved treatment techniques. 

The basic objective of a recently initiated Hebraika study (B-003-NEB) is to 
determine the maximum allowable rate of loading livestock manure on cultl\ated 
soil without pollution of Surface runoff or underground water. Other objectives 
are to determine: 

(1) magnitude* of surface and ground water pollution which c result 
from high rstea of manure application on surface irrigated lands, 

(2) changes in physical and chemical properties of Soil resulting from 
high rates of manuri applications on surface irrigated lands, 
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(3) effects of very high loading rates on crop production, 

(4) economic feasibility of high rates of manure application on 
surface Irrigated land, and 

(5) to compare costs and benefits of higher rates of manure 
application on surface Irrigated lands to costs and benefits 
of various alternative means of utilization or disposal of 
manure • 

Project A-022-MASS conducted a survey of community leader attitudes on water 
pollution problems in Massachusetts . Community leaders of varying backgrounds 
agreed on the importance of water pollution problems and need for a cooperative 
regional approach In attempting to solve them* They agreed regional problems had 
not been alleviated and tei 'ed to believe State and Federal authorities had not 
been active enough in abatement work. They differed regarding the priority of 
water pollution problems as among other pressing social and environmental problems. 

The project is significant to water resource planners by pointing out many 
diverse and often hidden factors that shape attitudes and traditions. These fac* 
tors must be taken Into account In developing planning goals. 

Pollution of ground water in areas of Increasing population densities where 
municipal sewage systems are non-existent poses a potential threat to an existing 
water supply* A Rhode Island study (A-032-RI) will determine the legal right to 
protect underground water supplies under the following conditions; (1) when it Is 
being contaminated while In use as a water supply; (2) when it la contaminated but 
not used presently as a Supply, but could provide future Supply (preservation for 
use) and, (3) where future planned-use of land threatens underground Supply. In 
addition, the study will attempt to determine "aavings" that can accrue to a 
regional water basin by maintaining a high degree of purity In ground water 
deposits In the region by removal of waste water .hrough a sewage treatment ays* 
tern. Also, considerations of costs of treatment of ground water as an alternative 
to protection of the supply by a sewer system will be undertaken* 

An exploratory research program In Connecticut (A*028-CONN) is indertaklng to 
Identify major legal problems relative to lske pollution In the northeastern United 
Stetes* frellmlnary Investigation has shown need for determination of applies* 
bill ty of gener/il pollution control laws to lakes. Need also exists to establish 
criteria for formulation of policies and methods for enactment of legislation, and 
to identify changes needed in statutory law and admlnlstrat ive structure to facll* 
ltate greater protection and utilization of lakes* 

A study of effects of impoundment reservoirs on river water quality, including 
analysis of chemical and physical characteristics of water and up*take of nutlents 
by aquatic life, is being conducted in Alabama (B-010-AIA)* Of th* 11 stoat 
abundant elements being investigated, preliminary results indicate that only one, 
phosphorus, is being retained to any great extent**probably in the hydrosol or 
mud-water interf tce**ln the impoundments* All other elements apparently are 
passing through the reservoir system at s rate comparable to what the Chattahoochee 
River would normally carry were it not impounded* 

A Maine study (B*003*>£) has datonatratei technical feasibility of managing 
a river aystem as s chemical reactor that Is self *purglng of oxldlr.able organic 
matter* The scheduled Input of organic matter (s guided by a continuous monl* 
torlng of the chemical kinetics profile of the Penobscot River system In s 25* 
mile reach from Bangor Dam to the tidal basin. A pilot model of instrumental 
systems for contln'tous monitoring, transmission, and processing of selected data, 
including dissolved oxygen ary 4 BOD. has teen designed, constructed and evaluated, 
the stage has been set to *tlow extension of thece results to other rivers by 
development of * control system independent of particular details of the river 
model. 
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The pollutlonal effect waste discharge from small pleasure craft has on bac- 
teriological quality of otherwise unpolluted water of two small harbors Is being 
Investigated In the State of Washington (A-024-WASH). With anticipated Increased 
use of similar harbors In the future by pleasure craft , water quality degradation 
can be expected. Results are expected to aid the Federal Water Pollution Control 
Administration In formulation of an effective control program for sewage from 
vessels and In assisting the Washington State Board of Health In establishing 
local regulations to help control the problem. 

Pollution of streams by acid mine drainage Is a serious and common problem In 
Pennsylvania , and in the rest of Appalachia. In project A-002-PA extensive lab- 
oratory study was made of the potentials of limestone barriers for neutralising 
Acid streams. Results were so promising that the Pennsylvania Department of Hines 
and Mineral Industries is currently designing a prototype limestone barrier for 
use in one of their polluted streams. It is expected to go into operation by 
mid- 1970. 



Meeting Increased Water Supply Requirements 

Statement of the Problem 

The total quantity of fresh usable water is relatively fixed (or perhaps 
decreasing) while demands upon this supply are increasing exponentially with time. 
An increasing number of areas are already facing the problem of demand exceeding 
Supply. What steps can be taken to avoid limitations on future economic growth 
which may be brought about by water shortages? 

In general, solution to this problem involves (a) increasing freshwater 
supplies! (b) conservation in use of water and, (c) redistribution of supply in 
time and space. The problem is so broad And complex that almost all-water related 
research is relevant to its solution. Research is needed to develop and improve 
techniques Conversion of salt and brackish ,ater; cloud seeding; increased 

yield from catchment basins; treatment' to reduce infiltration and evapotranspira- 
tioo; mors efficient use of existing supplies; and, developing the potential and 
criteria for transbasin transfer. 



Research 

The object of project A-016-NY is to take a "fresh" look at wastewater treat- 
ment in light of growing interest in reclamation of wastewaters as a "new" source 
of water. This reevaluation of wastewater treatment technology is intended to 
lead to development of a rational approach to optimal design and operation of 
wastewater treatment systems. Identified categories of water reuse include 
irrigation, groundwater recharge, impoundment for recreational purposes, indus- 
trial water, municipal water, and discharge of reclaimed (treated) wastewaters to 
natural watercourses, particular emphasis in this Hew York study is being given 
to wastewater discharges into natural waters because considerable uncertainty 
still exists as to acceptable concentrations of phytoplankton nutrients in 
natural waters. 

Project B-OAl-TtX studied development of systems for ground water recharge 
into the Ogallala Formation in Texas . A relatively new or modified method of 
recharge has been developed from the research. Preliminary tests indicate the 
method referred to as "hole* recharge, possesses potential for two reasons; one, 
respectable rates of recharge can be attained at a low initial cost; and, two, 
sediment does not have to be removed to attain and taintain these rates. 

It wss also determined that pits still possess potential as long as water 
level is such that a large percentage of the wetted perimeter of the pit la found 
In the aidevalli. Pita must have a bottom dimension which it relatively narrow. 




29 



Results should prove useful In providing an effective means of water recharge 
where ground water plays an important role as a major source of water supply, 

An outstanding facility for study of natural evaporation and e vapotranspira- 
tlon processes and associated tnicromet eorologlcal phenomena was developed at the 
University of Nebraska Field Laboratory at Maad (A-001-NEB) . Precision weighing 
lysimeters and equipment for measurement of components of radiation balance; air, 
sol 1 and surface temperature; and atmospheric humidity were developed and tested, 
Computer programs were written for conversion of field data to parametric forms, 

Findings indicate advection is an important source of energy for driving the 
evaporat lonal processes in the eastern Great Plains, Evaporation from bare soil 
and evapotranspiration from alfalfa often exceed ndiant energy input; sometimes 
by as much as 80 percent* Results are directly applicable to design of effective 
water conservation practices for agricultural production in the Great Plains *r^a, 

A similar study in South Dakota (A-018-SDAK) is designed to better understand 
and improve soil-plant environment for more efficient utilization of water* Evap- 
otranspiration rates for grain sorghum and other crops are being determined by 
lyslmeter and water budget methods, Evapotranspiration values being obtained by 
this study are being used to establish base rates for use in an irrigation guide 
for the State, 

Also, in Nebraska a study (A-015-NEB) is being conducted on physiological and 
biochemical responses of plants to different internal water potentials, Objectives 
of this project are: (1) To Investigate biochemical effects of internal water 

stress on some physiological (biochemical) processes such as photosynthesis, 
respiration and dark fixation o f 4,r bon dioxide during stress and recovery period; 
and (2) to investigate mechanisms oy Which plant water potentials and water u' e 
(transpiration) are controlled or influenced by plants. 

Influence of mid-day mist irrigation on reduction of environmental water and 
temperature stresses and on growth and development of potato plants were studied 
in Minnesota (B-013-MINN) . Temperatures throughout the plant canopy, plant temp- 
eratures, and soil temperatures were recorded* While results of these measure- 
ments are still being evaluated, it can be reported that mist irrigation reduced 
leaf temperatures by 2 to 16°c* 

Reduction of temperature and moisture stresses by mist irrlgaticn resulted in 
increased potato plant growth and increased total yields of tubers. Tuber defects 
such as hollow heart, growth cracks, and secondary growths were increased by 
misting but in spite of these defects yields of U, S, #1 grade tubers were higher 
than fro a non-miated plants, Chipping quality of tubers was decreased, an effect 
that is being studied further, Results offer promise of more efficient utilisa- 
tion of irrigation water, accompanied by increased yields. 

A project in New Mexico (C-1361) is Involved In study of water requirements 
for salinity control in unsaturated soils. The research has produced encouraging 
evidence that amounts of leaching water reccxmended for salinity control can be 
revised downvard, Relatively large volumes of water are moving through the soil 
even though soil moisture content is low, and the water is effectively removing 
salts. Potential saving of water in this water short area could be of consider- 
able significance to the agricultural economy of the state, 

A study (A-025->tt$$) of a different nature Is being conducted in Massachusetts 
to determine methods of more effectively meeting increased water requirements. 

A legal and economic evaluation of ground water doctrines is being made by analy* 
sis of court decisions and examin* cion of current practices and procedures used 
by the Massachusetts Attorney General and other Stste Agencies, The analysts 
will provide s basis for determining the nature and extent of inequity in ground 
water use, and for estimating the associated magnitude of economic impairment, 

Legal and economic concepts of equity currently applied to the ^covnd water 
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resource will be contrasted. Objectives are tor (a) evaluate the consistency of 
statutory and common law applicable to groundwater resources in Massachusetts, 

(b) assess economic effects of these laws on water users; and (c) determine 
effects of these laws or use patterns with regard to water quality, diversion, 
discharge, obstruction, and multiple-use. 

To determine the most productive use of irrigation water from ground water 
sources in Idaho , an investigation (B-006-IDA) has been underway since 1967 to 
establish relationships between pumping lift and the price farmers can afford to 
pay for water. It has been shown that in Cassia County, Idaho, under average con- 
ditions at an irrigation efficiency of 53 percent--water can be economically 
lifted from a maximum depth of 389 feet for a 200-acre farm; from 679 feet for a 
400-acre farm; and from 767 for a 600-acre farm. 

The investigation Is being extended to encompass a greater portion of the 
state* However, results are already being used by the State Reclamation Engineer 
to establish reasonable levels of pumping lift in administration of state ground 
water laws* 

The economic impact of theoretical transfers of water from "surplus 1 * to 
"def ic lent 11 regions is being assessed in research activity in Oregon (A-002-0REG 
and C-1220). To justify diversion of water from one area to another it ic 
theorized that the lowest valued use of water in the receiving area must exceed 
cost of transferring the water plus value of the water if used in the area of 
origin* A report is now in preparation providing an economic evaluation of a 
theoretical diversion of water from the northwestern to the southwestern part 
of the United States* Further work involves describing income redistributive 
impacts of Interbasin water transfers. Results of this research are expected to 
serve as a significant contribution to informed and rational decision-making 
concerning the issue of water diversion* 

In Wyoming considerable effort (A*001 and B-002*WY0) is being made to define 
considerations that must be taken into account when planning for possible trans- 
mountain diversions of water from the Green River Basin to the Platte River Basin 
in Wyoming* Considerations include: Present and future demand for water; legal 

constraints on diversion; augmentation of present supply of water b/ methods 
other than trans-mountain diversion such as weather modification; and capital 
investment involved in implementing diversions. In establishing present and 
future demand (value) of water in its present setting in the Green River Basin, 
s detailed investigation is ut detvay to determine present snd expected future 
value of game and fish resources of the Green River Basin that would be affected 
if large water diversions are made from the Green* Information obtained will be 
of significant value to planner! and decision makers Concerned with diverting 
Wyoming 1 ! waters* 

Few studies have investigated individual plumbing fixtures in respect. to 
water consumption and/or pollution load* Project A*025*CCNN in Connecticut is a 
study of initial sources of pollution or wastes that are generated and mixed 
through the plumbing arrangement in s household. The project is intended to show 
relative importance of water use by each fixture snd would indicate potential 
gains to be made if water conservation measure! by new plwtbing fixtures were 
initiated* The project will alio be useful in identifyinp impact on water use of 
new household water and wastewater appliances in designing appropriate wastewater 
disposal systems for residential use. 

t 

J use of water reaervoira in urban areas for flood control, with projected 
injltiple*uae benefit! of water conservation, reduced costa and multi*uie reservoir 
benefit!, has been the subject of research under project C*ll&7 conducted by 
Horth American Rockwell Corporation. 
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The project analyzed multiple benefits and costs of Installing a water reser- 
voir system In urban areas in lieu of conventional storm sewers. Benefits of 
proposed uses of reservoirs were evaluated for a representative urban site using 
actual economic, engineering and benefits data accrued at Santa Marla, California . 
Dual-use benefits of land employed for urban reservoirs were a major consideration 
and Included recreational aspects as well as parking structures and influence on 
urban land and building values. 

Results indicate favorable competitive Installation costs of a reservoir 
system for flood control as compared to storr. severs, with substantial additional 
benefits provided In water conservation and wjltlple activities such as recrea- 
tion, parking and other uses. Additionally, the modular aspect of water reser- 
voir systems, providing for independent installation and drainage of individual 
land areas, provides for phased construction and financing for urban flood control 
over a prolonged time period reducing long term commitment of funds. This pro- 
cedure is often desirable in eliminating bonded indebtedness for flood control 
purposes . 

A number of urban areas have demonstrated interest in this water reservoir 
approach to flood control. Further application of a demonstration project is 
being developed by the city of Santa Maria* 

Information from a Puerto Rico project (A-005-PR) will be roost useful in 
conserving water used in irrigating sugarcane* Experimental results show that 
20 inches of water per acre can be saved without affecting sugar yields if sugir- 
cane is irrigated frequently during the first part of the growing season and 
irrigation is stopped five months prior to harvest. 

Evaporstion from lakes and reservoirs is a major loss of fresh water that is 
needed for the expanding economy of farms, ranches and industry of the Southwest, 
where water supplies are stored in above-ground reservoirs* Research over the last 
decade has shown these losses can be reduced by about 3S to 40% by applying a 
chemical film of hexadecinol or octadecanol to the reservoir surface* However, 
wind removes the film from the surface unless the chemical film is continuously 
^placed. There is need fot studying other methods of evaporation control which 
would not be affected by wind. Oklahoma project (A-014-0K1A) will evaluate 
floating covers of various solid flexible materials. For small reservoirs these 
materials may have a greater efficiency than chemical liquid type films. Of 
particular interest is the relative efficiency of floating covers which cover only 
a portion ot ih* reseivcir. 



Mitigation of Wrter « Caused Damages 

Statement of the Problem 

Any discussion of water resources goals and beneficial uses must also give 
proper consideration to water as s "negative resource." Despite many billions of 
dollars invested in flood control works, flood losses continue to rise. This has 
resulted from progressively more intensive agricultural, industrial, and urban/ 
Suburban development of flood plain lands, which offer many advantages from the 
standpoint of fertility, tranipor tat lon/comunlcstions/ut ill ties , and other or 
adjacent prior development. 

Research in this problem ares involves non»structural flood control measures 
Such as development of improved techniques of planning, managing, toning, and 
insuring of property on flood plain areas. Also involved is research on improving 
traditional methods of controlling floods through various types of engineering 
works. 
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Measurement of electrical resistivity and electrical 
induced polarization with the Wenner configuration in 
the Clemson Research Watershed. This study is eval- 
uating the effectiveness of these geophysical methods 
as an aid in the determination of subsurface hydro- 
geologic environments in the Piedmont area of South 
Carolina. 

Dr. T. L. Crake fon left) is recording the measure 
merits performed by Mr. W. freeman (on right). 
(Bated c* Project No. A-Oll-SC). 
f hot©. couMtty ©t Demon Uri>%«r*it]r 






Professor J. 0, Womack and Or. Remy l A. 
deiong ptacmg a Savonrus rotirmeter m the 
reservoir This meter is being used lode* 
termini the velocity of the water in terms 
of magnitude and direction, ft**©, cooittiy 
le.wtitt* Center 



Dr. tarry Boersma, Soils Department 
Oregon State University, eiarmnet a 
test plot of corn planted tor his 
research into use of heated water 
from nuclear plants for agricultural 
purposes The corn on the right 
has received heat from pipes 
buried in the soil to simulate a 
closed system of hot water 

Circulation, ^Cli. COmffty Oujer 
W|»*r n«tt*rc«* rniMvK 




Mechanical tod lamptmg tn Kansas tar the measurement at 
nitrate nitrogen Project A 01 ( KAN 
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Research 



"The Urban Snow Hazard" la the title of a project (B-032-ILL) at the 
University of Illinois being conducted in cooperation with the University of 
Toronto which will study snow hazard problems in eight widely dispersed cities 
in the United States and Canada* Expected payoffs of the study are two-fold* 

First, through the measurement of costs and benefits Incurred by a city because 
of snow, an eotimate can be formulated concerning the optimal snow removal program 
under variable amounts of snow and economic bases of urban areas. Secondly, 
through study of the decision-making process in formulation of snow control pro- 
grams, obstacles to operation of a more effective snow control program will be 
Identified* Results will be useful to decision makers for Improved planning and 
a better means of determining how much a city should spend on snow control* 

Another study In Illinois (A-030-1LL) is evaluating progress of non-structural 
methods for flood plain management In the north central, mldwettern States* 

Results to date indicate few communities in this region havj attempted regulation 
of flood plains through zoning, even though planning agencies have repeatedly 
emphasized Importance of placing flood plains in a special district* A partial 
result of the study has been development of a legislative proposal for establish- 
ment of a State Commission on Flood Plain Regulation to study non-structural 
alternatives at the State level and their incorporation Into programs of flood 
control projects* 

The study has Identified approximately forty methods that may be useful In 
non-structural flood plain regulations* A list of some principal measures Include 
(1) flood plain zoning, (2) land fill in flood hazard areas, (3) flood hazard 
non-conforming uses, (4) open space land acquisition programs, (5) public health 
requirements (pure waters legislation), (6) loss bearing (those who suffer the 
damage pay for the loss), (7) land banks (land is purchased and held until the 
Sttte or other semi-public agencies can purchase or lease the land for public con- 
servation or preservation pu poses), (8) tax rates on flood hazard areaa, (9) flood 
hazard relief and rehabilitation, (10) flood hazard regulation through the forma- 
tion of a state planning agency or department of natural resources, (11) deed 
restrictions and covenants, (12) flood hazard rescue operatlona, (13) flood 
hazard forecasting services, (16) flood hazard regulation by utility extension, 

(15) flood hazard subdivision regulations, (16) flood hazard land values, (17) 
flood hazard insurance, (16) f lood- proof in g of structures, (19) flood hazard 
design criteria, and (20) site design criteria. 

A esse study analysis and appraisal of theae various alternatives is a major 
objective of the continued study* In Addition, measurement of local reaction of 
acceptance or rejection of pre-planned alternatives fill be made where serious 
flood plain problems are known to exist* 

The objective of research in Georgia (01323) is to design a methodology for 
developing and testing Instrument* needed to evaluate alternatives in flood plain 
management* The work has demonstrated that water management must recognize 
social and political elements of the problem as well as hydrologic and engineering 
aspects«-not only recognize them but relate engineering management to these social 
elements* 

One question being tested is: Vhy is an urban flood plain persistently 

occupied by resident householders and business? Five factor* have been identified: 
economic, low visibility of hazard, social, aesthetic and ideological. 

In addition to economic factors being evaluated a device has been developed 
end pre-tested to rank determinants of residential locational decisions within and 
outside the flood plain. Social, aesthetic and ideological factors and values 
will be probed through survey research. Survey research has also been directed 
toward measurement of citizen perception by Mans of a semantic rating scale* 
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Results of this research will provide Information for setting guidelines as 
to how water In urban areas can be used to Improve quality of life In the city. 

It will show how contervalllng forces roay be assembled to preserve floodways and 
watersheds against Interminable forces of private economic development. 

The economic Impact of flood control reservoirs has been under continuing 
study by the University of Kentucky Institute since 1966 (A-006-KY). The study 
has multiple objectives. Some examples are: Effects of large flood control 

reservoirs on local employment patterns , changes In land use, economic losses from 
Inundation of valuable land, reservoir-related Income distribution resulting from 
the reservoirs, and improved reliability of recreation benefit estimates under 
different types of reservoir management. Thirteen major study areas have been 
undertaken, six of which have been completed and final reports written. Demand 
for these reports have exceeded supply. Major Federal water planning agencies 
have shown special interest In the reports and the Tennessee Valley Authority Is 
making a serious attempt to apply project findings in the development of an 
Improved reservoir operation scheme. 

A companion study In Kentucky (C-1282) was initiated In FY 1969 and Is con- 
cerned with computer analysis of watershed characteristics affecting flood hydrol- 
ogy. Results should provide a better understanding of how And why small water- 
sheds vary hydrologlcally and how they charge with varying land use. Possible 
applications Include more accurate selection of designs for culverts and urban 
drainage measures and better planning with respect to flood control for areas 
Inundated by runoff from small urban watersheds. 



Conserving Ecologlc Values In Water Resource Planning 

Statement of the Problem 

The significance of adverse side effects that could result from man’s us* uf 
his water resource has Increasingly impressed the planner with the need to view 
proposed developments with an ecologlc perspective. For example, the chain of 
events from lasnpr v to alevlvet Infestation ot the Great Lakes reflects failure of 
planners of the kei land Canal to foresee the importance of ecologlc studies in 
the project design. This and many additional examples emphaslte the need to 
Improve our ability to anticipate unwanted side-effects of water resource develop- 
ment, and to include studies for this purpose as an essential part of the planning 
process • 

The need for Improved techniques for predicting the response of water-related 
biological communities to man-induced environmental change is fundamental to 
planning fc: resource use. The variety of such man-made environmental change is 
great indeed, and it emphasises the need for systematic, reliable atudy procedure c. 
The research challenge Is formidable and support for Such research merits high 
priority. 



Research 

Effects of chlorinated hydrocarbon insecticides on fresh water seed shrimp 
were studied in South Dakota (A-015-SCVJC), tt was determined that from 1 to 10 
parts per billion of aldrln and dleldrln In water will virtually kill 100 percent 
of the seed shrimp. Exposure of shrimp to sublethal doses does not appear to 
build up resistance. There Is some indication that with constant exposute seed 
shrimp become more sensitive rather than resistant. 

At concentrations near the lethal limit, aldrln snd dleldrln are rapidly 
iccmulated from water by setd shrimp* After 24 hours of exposure seed shrimp 
concentrate up to 1,800 and 1,600 times respectively the sldrin end dleldrln 
concentrations in the water. The seed shrimp body per se accumulates most of 



the residue, probably through the respiratory structure. Movement of insecticide 
in live shrimp is entirely one way; there is practically no active or net excre- 
tion. However , dead shrimp tei d to return much of their accumulated insecticides 
to the water. 

The pesticides result in toxic residues concentrated in the region of the 
mud-water interface. Benthic organisims such as seed shrimp which live on the 
pest icide -laden substrate, because of their indiscriminate f i 1 ter- feeding habit, 
may function as "recyc lers" of otherwise dormant insecticidal residues. Reintro- 
duction of residues into the ecosystem and subsequent transfer to higher links in 
the food chain may pose a serious threat not only to higher aquatic animals but 
also to terrestrial animals which derive use or benefit from both aquatic life 
and water itself. 

A South Carolina study (A-013-SC) is also concerned with pesticides in the 
aquatic environment. In a flowing sy3tem, experimental golden shiners exposed to 
carbon-14 labeled DDT showed concentrations of DDT and metabolites 10,0CMJ times 
above the level added to the water. Fish fed pelleted foods with known amounts 
of added DDT showed uptake of more than 50 percent. 

"The Uptake and Concentration of Fluoride by the Blue Crab, Call inectes 
sapidus , M is the title of a North Carolina project (A-030-NC) . The study has 
contributed further information on ecological effects of increased fluoride 
levels in the Pamlico Estuary as a result of phosphate processing. Special atten- 
tion was given to fluoride accumulation in crab tissues and to the effect of 
fluoride on crab growth. At 20 ppm fluoride in the water, the growth increment 
of crabs decreased 4.5 percent per molt. The cumulative effect over a 20-molt 
life cycle of a typical blue crab would be a 52 percent reduction in final average 
size. Fluoride concentrations higher than 20 ppm had an even greater inhibitory 
effect on growth. Exposure of crabs to water with 200 and 400 ppm fluoride for 
extended periods showed crab muscle tissue can accumulate enough fluoride to 
present a potential public health problem. 

The Delaware River Basin Commission has provided most of the matching funds 
for an important New Jersey study of "Effects of Thermal and Other Forus of 
pollution on Some Anadrhonous Fishes," (Project B-012-NJ). This study is pro- 
viding useful information as to vulnerability of key species cf fish to specific . 
pollution hazards. 

Effects of DDT on che ecology of a water-dominated environment is being inves- 
tigated in the Flathead Lake area of western Montana (A-016-M0NT) . DDT-based insec- 
ticides are used extensively throughout the area for control of insect pests of 
cherries. Results to date show that disturbing quantities of DDT are present in 
fish and wildlife species of the area and some evidence has been found showing 
lethal levels of contamination have already been reached in some species. For 
example, the osprey population appears to be declining in the Flathead Lake area 
because of DDT contamination. This contention is supported by presence of from 
37 to 59 ppm of DDT residue in a number of addled osprey eggs containing well- 
developed, but dead, embryos. D^ta also indicate that high enough levels of DDT 
may be present in migrating kokanee salmon to affect eagles in the area that 
utilize spent salmon for food. 

In a South Dakota project (B-002-SDAK) the Lake Poinsett ecosystem was analyzed 
for chlorinated hydrocarbon residues. Components analyzed were water, bottom 
sediment, plankton, algae, crayfish, aquatic insects, and fish. Concentrations 
of nine insecticides were determined by gas and thin layer chromatography. 

Results showed DDT and its metabolites to have the highest residue levels in 
all trophic levels examined. Heptachlor, heptachlor epoxide, aldrin, dieldrin and 
lindane were present in the majority of sample types. Endrin and raethoxychlor 
were not detected ab^ve analytical confidence limits in any sample while toKa- 
phene was found in four fish. The DDT complex was found to increase in percentage 
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of total residue with higher trophic levels. A change in ratio of DDT to DDD plus 
DDE was found with increase in trophic level with amounts of DDT being greater the 
lower the trophic level. Water had the lowest total residues. Bottom sediment 
and crayfish had 18 times the water levels, plankton and algae a 37-fold increase, 
fish a 790-fold increase and aquatic insects a 7300-fold increase* The amount of 
insecticide significantly increased with age of the fish and amount of fat in the 
fish, The DDT complex residue levels were well below the recent tentative Food 
and Drug Administration's tolerance limit oil 5 ppm on a whole-body, wet weight 
basis. 

Results of this study demonstrate the increase of chlorinated hydrocarbon 
insecticide residues with increase of trophic level in aquatic ecosystems. Future 
planning on water quality control in South Dakota should consider both the per- 
sistence and build up of insecticides in lakes and streams. Future direction of 
this project will be on insecticide analysis of fish-eating birds which summer 
in this area. 

With passage of P. L. 90-342, The Wild and Scenic Rivers Act, the Nation has 
shovm its concern about unrestricted river development that provides little or no 
attention to maintenance of a quality environment. To provide planners with a 
tool for use in future planning involving undeveloped river stretches, the State 
of Idaho is conducting an investigation (B-014-JDA) to develop a methodology for 
evaluation of wild and scenic rivers. This study is expected to: Identify and 

estimate present and future quantities and values of natural resources in selected 
study areas; describe and quantify as far as possible benefits derived from 
esthetic values and personal enrichment from river areas; develop a model for 
evaluation of alternative uses of related resources of the areas and, present 
recommendations for alternative use and development levels for wild river areas. 

In Massachusetts an interdisciplinary research study (B-012-MASS) is being 
initiated involving classification of wildlife values, a study of aesthetic 
values, and an analysis of economic values of wetlands. By aerial photography 
selected wetlands and watersheds will be mapped and subsequently compared with 
similar maps now 18 years old. Quantitative and qualitative descriptors will be 
prepared for computer analysis of change in wetlands over this time interval and 
some predations of future change will evolve. A geological framework for wet- 
lands will be developed to assess involvement of given wetlands in local ground- 
water vegimes. Indicators of wildlife values will be developed to evaluate 
effects of wetlands changes on wildlife. Visual-social values of wetlands will 
be studied to determine roles these land types play in aesthetic contributions to 
the general environment. Broad economics of wetlands, Including costs and bene- 
fits, traditional and aesthetic, will be studied to provide a value base to aid 
in management decisions. Results should be of substantial value in developing 
usable criteria for evaluating values and uses of wetlands and in determining 
amount and location of wetlands that should be preserved. 

In Illinoi s , findings from project B-025-ILL indicate that flood plain pools 
play i \ n important role and could play an even more important role, in fish pro- 
duction in rhe Kaskaskia River. Zooplankton populations, composed of microcrus- 
taceans, protozoans, and rotifers are generally ten times greater in flood plain 
pools than in the river. Since most young fish feed almost wholly on zooplanktor 
at some stage in their development. It would be advantageous for fish to move 
Into flood plain pools to spawn. However, flood plain pools are dependent upon 
proper weather conditions to maintain water levels adequate to keep connections 
with the river. Below normal precipitation could destroy fish reproduction in the 
pools for the year. Illinois scientists believe managing water levels in the 
pools artificially rather than depending completely on nature could greatly 
increase fish population in the Kaskaskia River. 

Ohio project (B-017-0HI0) deals with the relation of on-shore economic 
activity of the western basin of Lake Erie to pollution inputs. Systems analysis 
visualizes the system as comprised of two major subsystems, economy of the Detroit* 
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Toledo metropolitan area, and in-lake ecological subsystem; and two related sub- 
systems, geological effects and recreational demand* A conceptual model is being 
developed to describe the ecological system primarily in terms of oxygen trans- 
port and utilization. 

An imaginative approach to understanding the dynamics cf a natural stream 
system has been taken in a Michigan study (A-032-MICH) . Because streams are 
threatened by increases in nutrients and pollution, it is essential that we 
establish baseline populations for normal, unmodified streams. In this way we 
may recognize subtle but possible extremely important changes in streams as a 
result of land«use practices and nutrient runoff. Findings indicate trophi-; 
structure can both define the nature of a stable stream ecosystem and predict as 
well "sensi t ive 11 points in the system, such as population levels or level of food 
source. Measurement or prediction of trophic instability should prove to be a 
powerful tool in water quality studies, particularly during subtle transitional 
stages when corrective measures might bo possible. 



M etropolitan Area Water Systems 

Statement of the Problem 

The continuing growth of population and industry in urban areas and the 
coalescence of communities are creating important problems in all aspects of 
metropolitan area water systems. Examples of areas where research is needed are: 
costs and benefits of various scales of facilities; the planning process with 
socio-system simulation incorporated in the research; the preferred institutional 
framework within which metropolt tan water planning and management should take 
place; ways to measure or evaluate socia) efficiency compatible with those 
existing for economic efficiency; and the relationship between technological change 
and social change, and effects in the past of one on the other. Also, studies 
are needed on policy changes to lessen or remove legal, political, jurisdictional, 
administrative, planning or other non-engineering impediments to more efficient 
and effective water resources planning. 



Research 

Deliberate and systematic study of urban water problems on a comprehensive 
basis has long been neglected. The American Society of Civil Engineers is assisting 
the Office of Water Resources Research ir outlining and developing a national pro- 
gram of urban water resources research. The objective of the research project, 
headquartered at Harvard University, is to provide guidelines for initiating and 
expanding a program of long-range studies in urban water problems. 

A final report (C-1125) for the first project year has been published com- 
prising nearly 700 pages. The report points out that National capital investment 
in principal components of urban water service is over $110 billion with projected 
construction costs of more than $7 billion a year for the next several years. All 
factors considered indicate total expenditures by local governments on urban water 
will average $12 billion or more each year through 1980. Among subjects also 
covered in the report are : 

1. Prefeasibility studies to determine possible effectiveness, cost 

rnd time requirements for: (a) a comprehensive systems engineering 

analysis of all aspects of urban water (two studies); (b) a 
general economic analysis of cost and pricing parameters of all 
aspects of urban water (two studies). 

2. A state-of-the-art study of mathematical models and related 
simulation methods potentially usable for analyzing urban rainfall- 
runoff-quality processes. 
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3, Requirements for assessment of drainage damage and alternatives 
to direct storm water runoff control, such as utilization of 
recharge basins or other storage schemes, 

4. Discussion of political, economic, legal and social problems 
related to urban water management. 

The Center for Water ResourcesRasearch of the Nevada Desert Research Institute 
has made substantial progress (C- 1 337) in developing basic criteria for effective 
management of a ground and surface-water supply system in an arid urban environ- 
ment where water supply is limited and population is rapidly expanding. The study 
area is Las Vegas Valley of southern Nevada, one of the fastest growing urban 
areas in the United States, which has a large but heavily over-developed ground-' 
w. ter resource and is in process of working out a costly construction program for 
obtaining surface water from Lake Mead. 

This research, which combines mul tl-dl sclpllnary efforts of experts In fields 
of law, economics and engineering, has attracted widespread interest and coopera- 
tion. It offers excellent prospects for: (1) Value determinations of water in 

use; (2) understanding various legal alternatives in water resource management; 
and, (3) evaluating and explaining critical mathematical techniques for optimal 
integration of available water resources under alternative economic end legal 
structures. Progress is being made toward answering the question of how a new 
and fast-growing urban oriented population organizes for optimal water management 
and distribution. Such a solution is critical in this area as well as in other 
regions of the Nation where mounting population pressures are creating new 
demands for water. 

At the University of Florida a study (C-1082) is nearing completion on applied 
criteria for municipal water-rate structures. It will include a comprehensive 
treatment of municipal water systems in the U. S, --number, type, ownership, 
descriptions of facilities, extent and kind of State regulation, structure and 
administration of publicly-owned systems, practices and policies, water use 
patterns, water pricing theory, and finally, applied criteria for water rate 
structures. Cost data of a well-regulated utility are analyzed to demonstrate 
effects of different rate basis on rate structures. Water utility executives 
and policy-making officials should find this report valuable for use in examining 
and evaluating their own policies and practices. 

A study (C-1142) in Michigan is concerned with urban water policies and deci- 
sion making In the Detroit metropolitan area. Tentative conclusions suggest 
political and institutional factors are more restrictive of development of a 
regional system, in an area fiercely protective of local autonomy, than are 
economic or social factors or projected business, Industrial and residential 
demands . 

Temple University reported, in project C-1388, that a regional approach to 
urban water system development might eliminate much apparent economic waste rela- 
ted to excess capacity. Present interconnections of urban water systems in this 
Philadelphia, Penn sylvania , area are economically feasible and represent a con- 
siderable potential for future interconnections. 

Considering the likelihood that only limited additional water supplies can be 
imported into Arizona and other states of the Southwest, future development can be 
expected to depend upon efficient conservation and utilization of prevailing water 
resources. The problem of optimizing salvageable water resources has been under 
concentrated study for some time by Professor S, D, Resnick and his associates. 

This research (A-011-ARIZ) began in fiscal year 1968 with an analysis of 
salvageable water resources in the semi-arid Tucson Basin. Factors involved 
Included flood runoff, industrial and municipal wastewater, various treatment 
procedures, and the hydraulics of natural recharge from s^ndy ephemeral stream 
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channels* This led to recognition, evaluation, and understanding o£ management 
alternatives for optimizing conservation, use and reuse of potential sources of 
water which previously have been wasted. 

Promising results of the research encouraged the principal investigator to 
pursue the findings in detail with emphasis on urban and suburban areas* Project 
B-012-ARIZ will evaluate an experimental watershed that is now being encroached 
upon by urbanization. Potential is high for producing new and valuable findings 
on the entire problem of nature and management of water cycles in an area under- 
going rapid urban development* 

The purpose of T exas study C-1098 was to predict changes in runoff response 
of a small drainage basin due to increasing urban development in the basin, in 
particular the study was aimed at predicting future response and applying pre- 
viously derived urban and rural equations to drainage basins in the Houston, 

Texas, area. 

Rita from seventeen watersheds in the Houston area and from thirty-three 
watersheds throughout the United States were analyzed. From this analysis, mathe- 
matical equations were obtained which predict the hydrograph for a drainage basin 
using easily measured physical features of the basin. These equations predict 
future hydrologic changes resulting from continuing urban development and provide 
a method for designing drainage systems which will not become inadequate due to 
future growth. Derived equations from the study were used to predict future 
changes in the hydrologic response of the seventeen Houston watersheds. 

ABT Associates of Cambridge, Massachuset ts have completed a study (0 1469) 
which involved research on ten case studies of urban water resources and related- 
land planning, based on interviews with urban planners, citizens' groups and 
engineering consultants, and on current planning documents. Water quality manage- 
ment, waterfront land use, water-related recreation and open space, and metro- 
politan growth were identified as critical problem areas in planning the inter- 
actions of urban activity and the water resource* 

The planning of waterfront land use has been generally neglected by urban 
water resource planners. Planners have been extremely slow in responding to 
changing uses of such land, and have rarely taken advantage of its proximity to 
the water resource. Experience from the case studies suggested that marine- 
oriented commercial redevelopment of obsolescent urban waterfronts, and public 
control of remaining waterfront areas through acquisition, setbaox. zoning, or 
sight line and use zoning, can help retrieve the urban waterfront for recreation 
and open space uses which take greatest advantage of its relationship to the water 
resource* 

Planning of water-related recreation and open space has been left to the under- 
financed, powerless jurisdiction of parks and recreation planners, while more 
powerful water resources officials have been reluctant to acknowledge their re- 
sponsibility for recreational uses of urban water and related land resources. 
Recreational uses, however, are cited in justification of pollution control invest- 
ments, and planners must thus ultimately examine costs and benefits of recreation. 
,f Wil lingnsss-to-pay" benefit measurements and "need indices" were found to be 
potentially valuable tools for urban water resources planners. Effective use of 
such tools can help planners develop priorities and benefit-cost ratios that 
will in many instances justify opening of watersheds and reservoirs, now closed 
to the public for financial rather than public health reasons. 

Metropolitan growth has posed serious problems of coordination and control In 
planning of service extensions, flood control and drainage, and water quality 
management. Though jurisdictional fragmentation, overlapping and competition 
will continue to constrain metropolitan water resources planning, urban planners 
can by their policy of service extensions and development controls exercise some 
control over growth patterns. The "limited access sewer line" and "blue-green" 
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drainage planning are potentially valuable methods for controlling metropolitan 
growth and waterfront land use, but their success is largely dependent on their 
integration into broader regional plans. The research results are documented in 
the report, "Water and the Cities - Contemporary Urban Water Resource and Related 
Land Planning." 

The Tri-State Transportation Commission in New York City notified OWRR that 
results of project C-1114, conducted by personnel of Barnard College of Columbia 
University, New York and reported on in the 1968 OWRR Annual Report, has immediate 
application to the long-range water supply and sewerage plan for the Tri-State 
Region (New York, New Jersey, and Connecticut). 

The completed report indicated that beyond 1985 it appeared major subregional 
transfers would have to take place if the New York metropolitan Region is to 
satisfy its water needs from presently used sources plus untapped flows within 
the area. Exchanges between the New York City system and Long Island and/or 
northeastern New Jersey were among those contemplated. The alternative is to 
develop extra-regional sources or to turn to non- traditional methods, such as 
desalination. In any event a major shift away from the present managerial struc- 
ture toward greater integration appears likely. As a means for expanding water 
resources the benefits from a unified approach to regional decision-making is 
Impressive, either at the subregional level, as the simulation showed, or for 
the metropolitan area as a whole. 

There are many multi-source, multi-sink water networks servicing urban regions 
in the United States* Findings and methodology developed in this program could 
have widespread application to these problems* 

A companion study (C-1629) by Barnard College is entitled "Coordinated 
Management and Design of Metropolitan Area Water Supply and Waste Water Disposal 
Networks - a Linked Systems Analysis." The plan of research, using the New York 
Metropolitan Region as a case study area, is to consider: Behavior and design 
of the water supply system; collection of basic facts on wastewater disposal and 
sewage treatment facilities; a study of the operational efficiency of treatment 
facilities; relation between land use and type of effluent and treatment needs; 
definition of legal, administrative, and/or behavioral constraints on the total 
system that may influence selection of alternative paths to optimal solutions; 
design of a computer simulation model for a total water systems analysis, develop- 
ment of prediction and optimization models of future demands to be made on the 
total water system and design changes needed to accommodate the system to projected 
needs in order to optimize use of the resoirce; and, guidelines for establishment 
of a metropolitan area water authority for water supply and wastewater disposal 
systems . 

Cornell University, Ithaca, New York has commenced work on a study (C-1640) 
entitled ,r Metropoli tan Water Resources Systems Analysis." Investigations will 
be undertaken of application of systems methodology to preliminary planning, 
staging, design and operation of metropolitan water resources projects under hydro- 
logical, economic and political uncertainty. Mathematical planning models will 
be structured for defining and evaluating preliminary alternative designs and 
policies for municipal and regional water resources systems such as supply, 
distribution and treatment works, urban runoff collection, storage and treatment 
facilities . 

Also, to be investigated are methods for predicting the effect of alternative 
pricing policies on design, capacity, and operation of water supply systems* 

Methods will be developed for use as tools by municipal planners to aid in estab- 
lishment of rational prices or rates for various types of water use* 

A study in Massachusetts (A-027-MASS) is directed towards development of 
methods for determining values, uses, and past and probable fates of minor water 
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resources (ponds, wetlands, small streams) located in urban regions* The research 
is designed to test the hypotheses that (a) brooks and wetlands are disappearing 
from urban areas because their values are unknown and/or unappreciated, and (b) 
a city in humid regions without brooks and wetlands above ground constitutes an 
environment for human life inferior to one which has well cared for surface waters. 
Results of the research could le*d to improved planning and utilization of water 
resources in urban areas# 

Another project in Massachusetts (B-015-MASS) has as its purpose to develop 
a method to determine the interrelationship between changing functions of a river 
in an urban region and changing cultural values of the proximate inhabitants. It 
is hoped that this study will give resource and urban planners a means for under- 
standing the cultural context of their work and a basis for planning resource 
use more rationally. 

The Bureau of Business Research at West Virginia University completed a study 
on forecasting urban water demand (0-1212)# Since water supplies systems are 
generally built to function for decades and area-wide systems of storage and 
distribution cannot be planned and constructed overnight, it is becoming increas- 
ingly important to projec: and plan for future metropolitan water needs. 

This study should make a useful contribution to improving the methodology of 
forecasting. An analysis of factors associated with variation in water usage 
indicated that a general measure of area income and a generaL measure of overall 
area si^e are factors most closely associated with urban water usage. Five 
alternative projections of water demand for 141 standard metropolitan statistical 
areas were made, based on different assumptions relating to area size, income, 
and water rates# These projections should prove most useful to metropolitan 
planners and administrators responsible for assuring present and future water 
s uppl ies . 

Adapting the water resource planning process to problems and needs of metro- 
politan areas is the subject of research project 01159 in North Carolina . The 
study developed a public investment planning and decision model which differs 
from the typical model used in U. S. river basin planning in four major ways: 

(1) System geographic boundaries take both the urban-metropolitan region and 
the river basin into account, thus incorporating water demand as well as water 
supply factors in the system; (2) scale of water-resource planning is much smaller 
than in conventional river basin planning, in that there is detailed analysis of 
small urbanized streams and watersheds in which land and water values are high; 

(3) the substantive content of water-resource planning emphasizes elements of 
special significance to urbanized areas--urban storm drainage, mass recreation, 
urban flood plain management and role of streams, canals, natural lakes and 
impoundments in urban spatial design; and, (4) water-resource planning is explic- 
itly linked with other sectors of urban-metropolican planning, including land-use, 
transportation, open space, recreation, public services and environmental 
quality aspects such as air quality and solid wastes management. 

Preliminary findings have been used by the principal investigator in work- 
shop sessions of Corps of Engineers' planners al Pennsylvania State in June and 
September of 1969, to suggest ways in which Corps of Engineers' planning can con- 
tribute more effectively to solution of urban-metropolitan water-resource problems. 
Continuation of the research will apply the model to four metropolitan areas in 
the eastern United States# 

Research at George Washington University (C-1357) will investigate past 
behavior of water agencies in metropolitan Washington, D. C ., assess performance, 
and recommend improvements. Initial appraisals suggest that agency actions are 
celected from a very narrow range of alternatives, and that formal and informal 
constraints pattern water services in distinct ways. Pricing structures are a 
complex blend of use-rates, fees, charges, etc. Average cost pricing rather 
than marginal cost pricing is entrenched# Retirement and service of debt play a 
dominant role in pricing decisions# 
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It is believed results of the project will be generally applicable to metro- 
politan areas by providing: (1) an overview of tile allocation of water resources 
in metropolitan areas; (2) greater insight into the nature of institutions and 
the ways in which institutions, particularly the planning institutions, structure 
the allocation of water resources; and, (3) sensitivity for che role of informa- 
tion and information development activities in decision-making. Results are 
expected to increase understanding of institutions, decision-making, and planning, 
which should enable metropolitan jurisdictions to make decisions affecting allo- 
cation of water resources with improved awareness of the economic consequences of 
such decisions. 

An investigation has been completed in Alask a (B-006-ALAS) to determine the 
feasibility of using warm, summer streamflow to recharge groundwater aquifers in 
the Anchorage area and to restrict use of cold, winter water for recharge. The 
purpose is to provide a means of raising the temperature of the Anchorage muni- 
cipal water supply to combat annual freezing problems that plague the municipal 
water distribution and sewer systems. This investigation shows that groundwater 
temperature can be raised by artificially sealing the recharging stream beds thus 
reducing recharge of the aquifers by cold winter water and by using warn, summer 
streamflow for recharge through artificially constructed recharge areas or wells. 

s Several Georgia projects have responded to widespread interest in urban water 

resources. Six hundred copies of a report on the relationship between metropoli- 
tan planning and liver basin planning (B-009-GA) have been distributed and a 
second printing is under consideration. Most metropolitan areas were found to be 
handicapped because no one metropolitan government is authorized to represent the 
area for negotiation with river basin interests; and usually there Is no river 
basin management agency with whom metropolitan representatives could negotiate. 
Significant changes that could be made in local, State, and Federal Water planning 
procedures are suggested which would give more and better control to metropolitan 
a^eas over development and use of their water resources. 

Project B-011-GA has developed information for estimating domestic water 
demands as a function of price structure and consumer income. Two other studies 
(B-024 and B-045-GA) will provide improved measures for public opinion and per- 
ception regarding urban water management issues, and, project B-038-GA will seek 
to define the nature and scope of a program of metropolitan water resources 
management, examine institutional and financial arrangements, and develop guide- 
lines for improved resources management. 

A multidisciplinary Investigation involving several annual allotment and 
matching grant projects (A-001 and 004-LA and 3-001 002, 003, 004, and 003-LA) 

has produced results which show that encroachment of salt water In aquifers 
underlying Baton Rouge, Louisiana , can be stopped by construction and operation 
of two strategically placed scavenger wells to pump saline water to waste. The 
study demonstrated, also, that the Baton Rouge fault prevents the bulk of saline 
water in aquifers south of Baton Rouge from moving to che industrial area. One 
implication of the study is that net offtake of water from the aquifers must be 
reduced if land surface movement such as occurred in Houston, Texas, is to be 
prevented in the Baton Rouge area, The hydrologic, hydrogeologic, engineering, 
economic and legal aspects of this study are being summarized in one comprehen- 
sive report. 

Project A-020-LA deals with subsidence of land surface In the Baton Rouge, 
Louisiana , area In relation to groundwater offtake. It Is anticipated that the 
findings will be of considerable value to citizens of Baton Rouge in helping to 
determine the pace at which importation of additional water to the area should 
occur. Project B-004-LA relates to this problem, also, and points out that the 
Amite River would appear to be the most suitable source of water for importation 
from the standpoints of quantity and quality. 



43 




372-992 0 - 70 -5 



Much of the Laboratory Equipment 
is of a Sophisticated Nature) some 
must be handmade. 



Mr. Chao Chia-Chen is inserting a final 
clarifier effluent sample in the turbidimeter 
to measure turbidity before treatment of the 
wastewater with a ferric chloride coagulant. 

(Based on Project No. A 0I2 SC). 

Photo, courtesy of Clemson University 





Preparing a model for Project A*01I»IA dealing with effect of formation dip 
on movement of fresh water stored ir saline aquifers. A 6-inch fayer of 
blasting sand in bottom of an 8-foot plastic pool simulates overburden 
pressure. Model can be tilted by hydraulic jacks under supporting platform. 
The principal investigator, Or. Oscar K. Kimbler, is at the right. 




44 



Equioment used in measuring 
vapor pressure i sot opo effects 
kn aqueous systems. Photo courtesy 
Tennessee Water Resources Rc>earth Center 




Analog model for ground water management 
in North Carolina demonstrated for Institute 
Director Howells by Principal Investigator Dr, 
Jabbar Sherwani, University of North Carolina 
at Chapel Hill. (B-005 NC) 




Solenoid valve and associated 
instrumentation for water 
hammer r easurements in 
friction reducing solutions. 
(8ased on Protect No. A-009-SC). 

Photo. Courtesy of Clemson University 
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Conservation of the Estuarial Water Resource 



Statement of the Problem 

The estuarial water resource Is being subjected to Increasingly Intensive 
use. Urban land expansion, mineral exploitation, recreational development, com- 
mercial fishing, industrial use, deposition of waste effluents, and problems of 
slltatlon are Increasingly complex forces that are shaping the estuarial environ- 
ment and 1 1 8 future utility and value. An undera inding of the simultaneous 
multiple processes currently and foreseeably affecting the estuarial zone and Its 
contiguous lard areas Is essential to an intelligent program for estuary manage- 
ment. Research is needed In these many areas and on legal and institutional 
changes necessary for planning and Initiation of an effective estuary program. 



Research 

Pamlico River Estuary in North Carolina is expected to be markedly changed 
as a result of phosphate mining and related Industrial and population growth* The 
quality of estuarine waters is Important because of their value as fishery nurserv 
areas, for commercial and sports fisheries, and recreational use. A major research 
effort has been directed toward this problem since 1966 (B-004 and A-O30-NC) , 

Start of an extensive phosphate mining and processing Industry along the 
Pamlico River in 1963, created a need for measurement and prediction of possible 
eutrophication* The basic technique used was transect sampling whereby areas 
of the estuary with high and low concentrations of phosphate could be compared 
using measurements of water chemistry and biology. 

As expected, there was an Increase In the amount of phosphate dissolved or 
suspended In the lower river. However, in spite of Increased amounts of phosphate 
available, algal photosynthssl s and biomass did not respond and areas with low 
levels of phosphate gave about the same response as areas with high phosphate. 
Experiments with carbon-14 and added nutrients revealed that nitrogen was limiting 
In this estuary and that there appeared to be an excess of phosphate even under 
natural conditions. With one of the two important nutrients present In excess, 

It la therefore extremely Important to keep nitrogen Input to the estuary, from 
fertilized fields or sewage, at a low level in order to prevent future eutro- 
phication. 

An investigation is underway in Alaska ( 8-0 14 -ALAS ) to determine effects of 
spent salmon carcass decomposition on the organic and nutrient chemistry of a 
fresh water stream, In which decomposition commences, and in the estuary, In 
which the stream flows. Because decomposing carcasses of salmon that die natural 
deaths following migration to spawning areas art not dissimilar from industrial 
wastes discharged by salmon canneries, results of this investigation are expected 
to provide guidelines for maintaining control of pollutlonal effects of the 
salmon canning Industry In Alaska and possibly other states Such as Washington 
and Oregon* 

Investigations of three major estuarine syttea* of the Chesapeake Bay complex* 
the York, Rappahannock and James Rivers**frc» the standpoint of source, pathway 
and effects of nutrients, mainly nitrogen and phosphorus, are being conducted in 
Virginia (B-003-VA). All three systems are enriched with nutrients from municipal 
and agricultural sources. Fresh-water aye'ema usually respond to this kind of 
enrichment with increased phytoplankton productivity (eutrophication). However, 
the James and Rappahannocg Rivera do not respond in this manner, but the York River 
does. How nutrients move In the former two Is an elusive question nev being 
pursued because of its obvious value In controlling the inwanted nuisance of 
eutrophication. In addition, correlations will be made with flnflsh and oyster 
production. 
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Project A-028-MASS in Massachusetts is concerned with development of basic 
information necessary for prudent management of an urban estuary. Data on physi- 
cal, biological, and chemical parameters will be obtained. A materials balance 
will be'developed for such items as nitrogen, phosphorus, coliform bacteria and 
pesticides in the estuary. This information will be used to evaluate impact of 
a proposed flood control project which will affect the estuary and, also, the 
effect of refuse disposal operations adjacent to the estuary. 

Estuaries are complex, dynamic environments characterized by fragile eco- 
systems. Increasing pollution and man-made changes threaten their ability to 
serve man's many uses. An understanding of physical and biological processes of 
estuaries is essential to an Intelligent program of estuarine management. 

Projects 01214 and 01428 involving utilization of physical and mathematical 
models in marine water resources have been supported with "sted* 1 funds by OMRR 
to help develop a capability at Virginia Institute of Marine Science for physical 
and mathematical modeling of estuaries. Hopefully, this capability will be ready 
for application when the Corps of Engineers initiates the Chesapeake Bay Study 
with a hydraulic model of Chesapeake Bay. 

Results to date include: 

1. Training of a competent team of fluid dynamicists and ocean- 
ographers capable of working with mathematical and hydraulic 
models. 

2. Contributing to critical evaluation and improvement of 
existing estuarine hydraulic scale model systems. 

3* Utilizing scale models in development and evaluation of 
mathematical models of fresh water portions and estuarine 
portions of a classical, tidal tributary. 

4. Improving existing mathematical models of estuarine systems, 

5. Developing instrumentation for non-deatruct ive sampling in 
hydraulic model systems. 

6. Applying these techniques to real estuarine resource problems. 

In FlQj Id a , efforts are being made (A-007-FLA) to develop methods to predict 
residence tie* of water in the State's estuaries and bays with a view to protecting 
quality of these environments from pollution. Mathematical models are being 
verified with empirical data from Lake Worth and Sarasota Bay. Emphasis in the 
future will be given to effects of wind and rivsr inflow. 

A Georgia study (B-035-GA) concerns estuarine hydrography and its role in 
transport of food and pollutants. It has been found that water circulation 
parallels the shoreline but reverses with seasons. Salinity and temperature 
contours are also parallel to shore. Decomposing organic materials exported 
from the marshes are confined to a narrow zone parallel to the coast, ten miles 
wide. Measuring and understanding these conditions are vital to protection of 
the ecology of the coastal zone, especially from the standpoint of maintaining 
spawning and nursery areas for economically important fishes and other organisms. 



Dissemination and Application of Knowledge 

Statement of the Problem 

In recent years there has been greatly increased attention to water resources 
activities that are new in their technical a.pects and professional involvements. 
Examples of water resource activities that involve physical, life, and social 
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scientists and engineers are: water resources planning; water quality management; 

pollution abatement; water resource management In metropolitan environments; 
management and protection of estuarine areas, lakes , and marshlands; and manage- 
ment of heat rejected by thermoelectric generating plants. Properly informed 
consideration of, and action on, such matters requires ready access to results of 
research. 

Information needs outstrip the capability of existing channels of communica- 
tion. Response to these enlarged needs is limited by inadequate funds for tech- 
nical Information services and inadequacies of information dissemination technology. 
Diverse concern with improvement of information dissemination requires that atten- 
tion should be directed to ldenfltylng: 

(a) who should be responsible for such information dissemination; and 

(b) what means of dissemination should be utilized. 

Activities 

Activity under this problem aiea has not involved actual research projects as 
much as it has action programs in the dissemination and application of knowledge. 
These action programs have fallen into various categories and are covered In 
Parts 111 and IV of the Annual Report under the following headings: 

Part 111 

Water Pesources Scientific Information Center program 

Technology Transfer 

Office of Water Resources Research Seminars and Meetings 
Part IV 

Water Pesources Research Institutes and Centers activities in 

seminars, extension programs, and short courses as indicated in 

Directors 1 Statements. 

Other Problems Related to the Hydrologic Cycle 

Statement of che Problem 

Research under this section deals with a broad array of basic studies of the 
natural occurrence, character, transport and distribution of water that are not 
specifically oriented to the other problem areas. Results from these studies 
often serve as essential Supporting information to spplled problems in water 
resources development and use. 



Research 

Industrial or economic development of some low-lying aress Such as the Gulf 
Coast of Louisiana may be impeded by lack of a year-round potable water supply* 
In these areas, surface waters become brackish or salty in the low-flow period 
of streams and underlying water-bearing formations contain brine Instead of 
potable water. 

Projects A-002 and 011-LA involving development of a model for digital com- 
puter simulation of storage of fresh water in an aquifer containing brine, have 
elicited much local and national interest. Results have been sufficiently 
promising that the town of fopire in Plaquemines Parish, south of New Orleans, 
has, with assistance of consultants, constructed a prototype injection well 1000 
feet deep and observation wells at the same depth to evaluate the efficiency of 
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fresh-water injection of the aquifer and subsequent offtake of potable water* By 
June 30, 1969, some 30 million gallons had been Injected in the test well and the 
fresh-water front was reported to have replaced salty water for a distance of at 
least 300 feet from the injection well. Continued research will study the effect 
of formation dip on movement of fresh water stored in saline aquifers and the 
efficiency with which it can be withdrawn. 

A multi-county region in North Carolina encompassing estuaries of the Neuse 
and Pamlico Rivers Is currently experiencing difficulties with groundwater supply 
of the Coastal Region because of dewatering operations associated with open-pit 
phosphate mining. Reduced pressures in the artesian aquifer threaten salt water 
intrusion, and the region has been declared a "capacity use area" with stat . 
regulation of water use. The Institute has undertaken research leading to develop 
ment of an electric analog model to guide water management (A-026 and B-005-NC) • 

The prosecution of promising research in Hawaii under projects B-005, 008, 
and 011-HI in the significant field of groundwater problems has aroused strong 
local interest in the Water Resources Research Center's program at the University 
of Hawaii. Research by the Director and his associates in geophysical explora- 
tion for ground water sources, has received more than half of its support from 
non-Federal funding. As a result, effort under project B-015-HI is concentrating 
on a particularly hopeful line of endeavor concerned with remote sensing of water 
with electromagnetic radiation. This procedure is intended to exploit energy in 
the electromagnetic spectrum as a tool for exploration of geological structures 
controlling movement of ground water. Successful findings could have far-reaching 
application, in Hawaii, on other Pacific Islands, and on the mainland. 

Research ir Florida (A-011-FLA) is utilising uranium and hydrogen radio- 
nuclides as natural tracers in the Floridan Aquifer. Results Indicate uranium 
isotopes show a close relationship to hydrologic factors such as permeability and 
recharge and can also be used to test mixing models of aquifer water 'in a quan- 
titative way. Also, the study has developed a highly successful method of analysl 
of tritium content in water without requiring enrichment of the samples. This 
technique represents a major advance over methods formerly available both as 
regards to expense and time, 

Vermont project A-012-VT is the first part of a four part study to develop a 
model to describe the hydrology of Lake Champlain basin. The primary objective 
of this phase will be to develop a basic understanding ol fluctuations In water 
levels in Lake Champlain. Specifically, records of the lake levels at 
Burlington, Vermont, and Rouses Point, New York, will be studied in nn effort to 
delineate such characteristics as trends, cycles, periodicity, carryover and ran* 
dora components. This study of lake levels and development of a descriptive model 
will increase basic knowledge of how lakes behave and will be a contribution to 
future investigations and planning in Lake Champlain basin. 

Ovuinued success of Irrigated agriculture in the high plains cf eastern 
Colorado Is dependent upon recharge of ground water in the Ogallala Aquifer. 
Project 8-013*0010 is studying how ground water recharge is affected by Surface 
vegetation and management. Initial results shoved a significant increase in soil 
water accumulation was obtained where gravel mulch had been applied to field 
plots and vegetation was controlled by herbicides. This appears to be the only 
Surface treatment in the study for which an appreciable flection of the annual 
precipitation can be permanently stored in the soil profile. Surface runoff 
collection areas, Such as Plays lakes and terrace basins, and Irrigated fields 
were the only surface conditions where increased percolation could be predicted 
to contribu.a to ground water recharge. 

It ia hoped results will provide a practical means of aubat antially in* 
creasing the recharge rate, using land having limited economic value for other 
uses. Community and possibly legislative action will then be necessary to develop 
recharge facilities on a scale to make an effective impact on agriculture. 
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In terms of number of people and Industrial plants served and quantity and 
quality of water available, the Atlantic Coastal Plain Aquifer is among the 
'world's most Important artesian aquifers* A Georgia study (A-006-GA) seeks a 
detailed understanding of Its physical character for constructive conservation 
of this resource. 

Results were ipplled to a practical public problem of mineral leasing and 
water supply In the Savannah, Georgia, area. A committee was appointed to eval- 
uate the feasibility and effect of phosphate mining in the coastal area near 
Savannah. Priority was given by the (Vsnml ttee to the effect of mining operations 
on the Coastal Plain aquifer because of possibility of breaching overlying 
Impermeable clays confining the aquifer* On the basla of Information obtained 
In this research project, the hydrology of the aquifer Indicates any breach of 
overlying Impermeable clays would allow salt water to enter the aquifer and 
pollute Savannah wells* Had It not been tor this research project, this Infor- 
mation would not have been available. 

Pennsylvania is conducting a broad Investigation (A-005-PA) of carbonate 
hydrngeo logic environment, and their relationship to land use, and water resources 
development and management. Although this project has several more years to run, 
It has produced Interim results of considerable practical value In alleviating 
or preventing fro'jt heave and other failures of structures, flooded basements, 
lagoon and septic tank failures, and ground water and surface water pollution. 

Wisconsin project B-009-W1S Is Involved in Investigations of circulation of 
Lake Superior, Infrared temperature survey flights have been used to determine 
surface temperature data for spring, summer, and fall* Direct measures of current 
and thermal structure of the lake between Keweenah Peninsula and Isle Royale have 
been made* Three approaches using field, laboratory model, and theoretical 
studies have been used in the evaluation* 

A significant result of the study has shown that strong and relatively 
narrow (1*10 miles wide), counterclockwise boundary currents occur slong the 
perimeter of the lake* These boundary currents have Important consequences 
regarding waste disposal and pollution In the lake* It Is anticipated that 
results will be useful In Improved water resources management of Lake Superior 
snd the Great Lakes In general. 

Project B-002-IND completed studies in lndlsna in which effects of urbanise* 
tion on time lag, magnitude of peak discharge, time to peak discharge, end 
frequency of peak discharge were quantitatively deduced. Because rainfall end 
runoff data for both urban and pre-urban conditions of watersheds ere commonly 
unavailable, analysis was made of data from watersheds In the seme region though 
in different stages of urbanisation* Such anclysla reveals effects of urbanisa- 
tion on runoff characteristics* 

Another lndlsna study (A-007-IND) Is concerned with constructing a quantita- 
tive system of stream classification* Under test is a computer program which 
produces contoured slope maps from elevation date* If successful, it will be 
combined with stream order and terrain analysis programs to produce a computer 
package* This In turn, would provide All geooorphlc parameters for a drainage 
basin study from a set of grldde^ elevation points* 

Completed study B-00S-ILL developed a mathematical model to relate hydraulic 
parameters, i.e*, discharge velocity, width, depth, snd cross-sectional ares, to 
drainage ares rnd flow frequency of the stream* Comparison between the mathe- 
matical model and observed data In |1 Unols and Indians was good* 

Illinois project B-023-1LL will expand this research nation-wide to include 
ten additional streams chosen to represent a wide variety of physiographic and 
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hydraulic conditions. Results are expected to make an important contribution to 
the understanding of all river, systems, and will aid In planning projects for 
control or development of rivers anywhere. 

The role of Langmuir circulations in the mixing of Lake George, New York , is 
being studied in project E-015-NY. The principal investigator reports that support 
from OWRR has encouraged the Atmospheric Sciences Research Center and the Depart- 
ment of Atmospheric Science at the State University of New York at Albany to 
participate in the work of an Institute of History, Art and Science with respect 
to limnology, ecology and studies of the air-water interface. He reports further 
that the research program has brought about renewed interest in the phenomenon of 
Langmuir circulation on an international scale. 

The project hf.s yielded detailed measurements of both atmospheric and aquatic 
conditions before andjduring occurrence of Langmuir circulations showing circula- 
tions are a major cause of eplJimnion mixing and thermocllne formation and move** 
merit. As such, they have a substantial effect on evaporation rates and diffusion 
rates. A practical aspect of this research has been development of improved 
instrumentation for determining air and water temperature, wind speed and direction, 
relative humidity, and capillary wave heights. 



Research on Other Problems Including Engineering Structures and Data Collection 

Statement of the Problem 

This subject covers a number of problem areas including: research designed 
primarily to Improve the strategy for establishing field data collection programs, 
data acquisition methods, and data evaluation, processing and publication pro- 
grams; research having a prime objective of development of new technology for 
designing, constructing, and operating water resources engineering works; add 
other research not specifically included in the problem areas. 1 



Research 

The principal objsctlvs of project 01414 being conducted by Surveys and 
Research Corporation of Washington, D. C ., is to develop and test a methodology 
for obtaining) vis a mail survey, measures of manpower supply and demand in the 
field of water resources. As s basis for design and coverage of the mail survey, 
the contractor undertook a classification of water resources activities, as well 
as a listing of major types of employing organisations, with rough estimates of 
the number of establishments in each type. 

The mail survey was launched in April 1969, end 200 questionnaires were sent 
to respondents selected to be illustrative of principal types of employment set* 
tings in which trained water resources personnel may be found. Information was 
requested on position or occupational titles in use, level t' responsibility and 
principal function, educational and other requirements for appointment, number of 
incumbents by principal field of training or experience and full or part-time 
status on water-related activities budgeted vacant positions by principal reason 
for vacancy, estimated changes in manpower requirements 1969-79, and current pro- 
visions for training and educational leave* 

Concurrently, similar data were assembled, vis interview and correspondence, 
on vstec-zelsted positions in the Federal Government, whi^h was excluded from 
the nail survey* 

Examination of early returns indicates there has been excellent cooperation 
by respondents, that questionnaires have been completed conscientiously and that 
information provided is excellent and meets objectives of the project. 



Dr. James £• Lewis is undertaking a study of manpower requirements in the 
field of water resources research in project A-015-LA, This Louisiana study com- 
pares available statistical data on potential supply of highly trained manpower 
with published estimates of demands. Dr. Lewis does not consider outlook for 
manpower in this area to be bright because of limited supply of people with 
requisite interests and abilities to do the research and the large demand on the 
part of technical and professional fields for precisely this type of personnel. 

Ind iana . recognizing importance of reliable information on the State's water 
resources research, manpower, and training needs, completed a detailed study 
(A-008-IND) in this critical field. It was found an already serious and growing 
problem exists in the State of Indiana (as well as in the Nation) due to short- 
age of qualified professional and technical personnel in fields of pollution and 
environmentsl control and water resources. The study pointed out large and grow- 
ing career opportunities in these fields, and 1.. related research, and indicated 
methods of counseling and encouraging students to enter these occupations. 

The comprehensive study resulted in eleven recommendations, one of which was 
for Purdue to offer a two-year associate degree program in pollution control 
technology, 

Arkansas project A-008-ARK is involved in developing digital systems for 
on-site data collections for water quality analysis. The study enumerated five 
requirements for a remote monitoring station. A system was designed and developed 
from commercially available components which met specified requirements. The unit 
can be contacted from a central station by telephone or teletype for playback of 
the day's recordings. 

A system for coding and machine processing of ground water data has been 
developed in Montana (A-014-M3NT) . Computer programs and forma for processing 
well, spring snd water quality data hsve been written. The processing system 
provides a uniform integrated approach to data collection and processing with 
considerable saving in manpower. The system is easy to use, economical , and 
accurate. 

Massachusetts Institute of Technology is developing a generalized computer 
language for hydrologic and hydraulic analyses under project 01495. A prelim- 
inary computer system has been developed which shows promise of application in 
all planning, design and operation situations where open channel water surface 
profile (both steady and time-varying) computations are required. 

Project A-018-NC produced sn extensive bibliography snd date inventory of 
all published and some unpublished information on North Carolina water resources 
snd completed s series of four studies providing background information necessary 
for water resources research planning and its integration with operation programs. 
The report will also be useful to consulting engineers, planners, regulatory 
agencies, citizen groups, snd others who would like to know what information is 
available or the water resources of North Carolina and where it la located. It 
was prepared in recognition that few people have time to conduct state-wide 
searches for Information in their fields of interest or concern. 

Development of geochemical and geophysical techniques as an aid to deter- 
mining availability of ground water in limestone terrenes has received consider- 
able impetus in Alabama (B-007-AIA) . One of the outgrowths of the study has been 
preparation on computer cards of an annotated bibliography of more than 2000 
references to the hydrology of limestone terrenes. The bibliography is to be 
published as a part of the International Hydrologic Decade and should be vary 
useful in facilitating research in this area. 

Illinois has conducted a study (A-025-1LL) on identification and critical 
analysis of selected literature dealing with recreational aspects of water 
resources use, planning and development. Methods have been developed to identify, 
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locate, manually retrieve, and classify literature on this subject* A computer- 
ized bibliographic retrieval process has been developed geared to key word inputs* 
A topical outline of knowledge dealing with the subject area has been constructed 
to provide a framework for critical analysis. Existing knowledge and gaps in 
information has been demonstrated which has led to development of an inter- 
disciplinary recreation-water resources research program. 

Investigations of the biological aspects of water problems extend from 
one celled organisms to vertebrates as they affect, or are affected by 
water. 



Planting board used with bottom trawl 
for capture of fish in Bear lake. 

Utah-tdaho 

Photo, cuuitur UliM Ctolvr f of Witer Rnourcr* Scratch 




A nasi of aquatic vege tation primarily 
toontail or CeratophjIUm lifted on a p tt 
through a Mat of faittn tret leaves, duckweeds 
and other plants. The relation of f:oodptain 
pools such as this to the biologital production 
of the Kailaikia giver, Illinois, is being 
studied m B O? $ ill 

rrvti ni;«*n Vmti 




f benthic sample with a h*gh organic 
content is being taken from a floodplain 

p^ol fr CIO. CCwrtlif IhflO'l Slllf hatv** H.Utrj 
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Lake George, New York diatoms, Cocconeis pedicu'is as they appear under 
a scanning electron microscope at 6600 x magnification. Project C-1484 





freshwater mussels are being used *n a 
ptotedute tor monttoting natut *t waters 
for pesticide content the picture shows 
James W. Bedford, a graduate research 
assistant inspecting a mussel that is 
being kept in a laboratory holding tank. 

irtt*. C«b'lMf IMk’glft IMMvT* «> W|t*f PttM'tn 



Project k- 0*7 MlCH is attempting to find an 
organism that may be better than tsthenchia 
coh as an indicator of domestic sewage 
pollution The photo shows collection of mid- 
stream wate* sample using an aseptic technique 
developed for analysis of the little known 
prosthecate bacteria mu. <c«riity Or itir-e* t 
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PART II 



MANPOWER, TRAINING AND PUBLIC INVOLVEMENTS 

MANPOWER AND TRAINING ASPECTS OF THE COOPERATIVE WATER RESOURCES RESEARCH 
AND TRAINING PROGRAM ARE DISCUSSED, AS ARE SOME OF THE REGIONAL ACTIVITIES OF THE 
STATE INSTITUTES, AND PUBLICATIONS AND REPORTS EMANATING FROM THE PROGRAM. THE 
SCIENTIFIC DISCIPLINES OF 1194 PROFESSIONAL INVESTIGATORS AND 1862 STUDENT 
RESEARCH ASSISTANTS IN TITLE I PROJECTS AR) COMPARED WITH 215 PROFESSIONALS AND 
114 STUDENT ASSISTANTS ENGAGED IN TITLE II RESEARCH. ENGINEERS, PARTICULARLY ON 
TITLE II PROJECTS, WERE MOST NUMEROUS AMONG THE INVESTIGATORS. THE ENGINEERS 
WERE FOLLOWED IN NUMBER BY ECONOMISTS A> D MATHEMATICIANS- STATISTICIANS- COMPUTER 
SPECIALISTS IN THE TITLE II PROJECTS, AMD BY BIOLOGISTS, GEOLOGISTS AND ECONOMISTS 
IN THE TITLE X PROGRAM. EXAMPLES ARE CITED IN WHICH 71 PROFESSIONALS WHO PRE- 
VIOUSLY HAD NOT DOME WATER RESOURCES RESEARCH WERE ATTRACTED TO THE WATER FIELD, 
BRINGING WITH THEM NEEDED NEW COMPETENCE. PARTICIPATING UNIVERSITIES REPORTED 
THE DEVELOPMENT OF 286 NEW WATER- RELATED COURSES, AND EMPLOYMENT OF 238 STAFF 
MEMBERS FOR NEW POSITIONS AND 72 FOR REPLACEMENT LAST YEAR. APPROXIMATELY 13 
PERCENT OF THE NEW EMPLOYEES WERE SUPPORTED, IN PART, BY P.L. 88-379 FUNDS. 
SEVENTY-SIX COLLEGES AND UNIVERSITIES PARTICIPATING IN THE PROGRAM REPORTED AN 
ENROLLMENT OF 3027 GRADUATE AND 24 POST-DOCTORAL STUDENTS IN WATER-RELATED FIELDS. 
THE STATUS OF 4978 GRADUATES DURING THE 1968-69 SCHOOL YEAR WAS REPORTED AS 
FOLLOWS: 33.7% UNKNOWN AND 7.4% UNEMPLOYED OR IN NON WATER- RELATED POSITIONS; 

OF THE REMAINING 59%, 47.4% OBTAINED W ATE R- RELATED POSITIONS, 28.9% RETURNED TO 
SCHOOL FOR FURTHER TRAINING, AND 23.6% WENT INTO MILtTARY SERVICE. EXAMPLES OF 
PUBLIC INVOLVEMENTS OF STATE WATER RESOURCES INSTITUTIONS ARE GIVEN, INCLUDING 
ACTIVITIES OF REGIONAL ASSOCIATIONS. DURING THE YEAR 1968-69, THE TITLE I PRO- 
GRAM PRODUCED 574 PUBLICATIONS, 225 THESES AND DISSERTATIONS, AND 230 PROJECT 
COMPLETION REPORTS. THE TITLE II PROGRAM PRODUCED 52 PUBLICATIONS, 5 THESES, 

AND 13 PROJECT COMPLETION REPORTS. ELEVEN DOCUMENTS OR SERIAL PUBLICATIONS WERE 
PRODUCED BY OWRR-WRSIC AS AN ORGANIZATION AND 8 WATER-RELATED PAPERS WERE PUB- 
LISHED BY OWRR STAFF MEMBERS. 



Introduction 



This parr of the report deals with manpower for research and trailing, 
Improved capabilities of the universities for research and training, student 
research assistants In the P.L. 88-379 program, numbers of water resources 
students and their status after graduation, publications and reports emanating 
from the program, and other activities of the State water resources research 
Institutes. 

Manpower Aspects 



Title I Research Investigators 

Nearly 1200 professional Investigators from literally dotens of scientific 
and engineering disciplines were engaged In research on Title I projects during 
1968-69. They v*re assisted by 1862 students also representing a vide variety 
of disciplines* 



Professional Investigators (Title I) 

The professional investigators of Title 1 projects have increased from 629 
In Fiscal Year 1966 to 1194 In Fiscal Year 1969. They are shown by scientific 
discipline for each of the past four years in Table 1* Nearly four-fifths 
(78*9%) had doctoral degrees; 17.7 percent, masters' degrees; and 3.4 percent, 
bachelors' degrees. Percentages were similar in the previous three years. 

By grouping more or less arbitrarily the ten or more types of engineering 
and the many specialised areas of biology and economics concerned with water into 
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single or few categories, there are still 58 fields shown In Table 1 Indicative 
of the pervasive nature of water resources research* Engineers are predominant 
among the disciplines represented, followed by various biological sciences, 
economics, geology, chemistry, physics, and soil science. The 422 engineers 
reported may be categorized or subdivided as follows: civil, 160; agricultural, 

95; sanitary, 44; chemical, 38; hydraulics, 30; industrial, 13; mechanical, 11; 
environmental, 11; electrical, 11; nuclear, 5; and petroleum, 4, 

Xt is of interest to note that, in 1969, anthropology was represented by 4 
individuals, art by 1, computer science by 2, history by 1, political science by 
16, psychology by 5, and mathematics by 5, In many projects there were several 
disciplines represented. Continued efforts are being made to foster multi or 
inter-disciplinary approaches to research on vc ter problems. Examples of these 
are given in connection with the subsequent discussion on Title II research 
Investigators. 




A lir|t iMtrdiiciplifttrr project requires trim work. Hire both faculty itudeMl of the Univrriitf 
ol W’icoMift participate in < diicuiiion or the proirtit of Title M Project, "fMlitvtioml Dti't* for 
Witir Quilitf MifligcmtM: A cut itudr of the Wittomn It* ve r tuim .** (C 122ft) 
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Table 1 



SCIENTIFIC DISCIPLINES OF PROFESSIONAL INVFSTIGATORS 



OF TITLE I PROJECTS, 1966, 


1967, 


1968 and 1969 




Discipline of 


Number of 


Professionals 




Investigator 


FY 1966 


FY 1967 FY 1968 


FY 1969 


Aerial Photo Interpret* 






1 


1 


Agronomy 


12 


23 


20 . 


19 


Anthropology 




1 


1 


4 


Architecture (Landscape) 






1 


5 


Art 








1 


Atmospheric Science 


1 


1 


3 




Behavioral Science 






2 




Biology (Including Micro) 


35 


59 


58 


77 


Botany 


13 


14 


16 


25 


Business Admin, 




1 


2 


2 


Chemistry 


26 


29 


56 


55 


Climatology 


4 


2 


1 




Computer Science 








2 


Conservation 


1 


2 


2 


2 


Earth Science 




4 


1 




Ecology 


10 


7 


10 


5 


Economics 


45 


72 


88 


100 


Education 




1 


1 


2 


Engineering 


242 


329 


331 


422 


Environmental Science 




1 


7 


10 


FI ah and Wildlife 


1? 


21 


22 


23 


Food Science 


2 


2 




2 


Forestry 


13 


12 


12 


20 


Geography 


9 


14 


13 


13 


Geology 


72 


74 


67 


93 


Government 




3 


1 




History 


1 


1 


2 


1 


Home economics 






1 


1 


Horticulture 


4 


3 


6 


10 


Hydrology 


14 


7 


21 


29 


Industrial Relations 




1 


2 




Lav 


15 


33 


22 


26 


Limnology 


4 


11 


18 


23 


Mathematics 






3 


5 


Meteorology 


10 


9 


8 


14 


Mineralogy 


2 


5 


5 


4 


Natural Resources 








1 


Oceanography (Marine Scl») 


1 


2 


3 


5 


Pharmacology 








3 


Planning 


2 


2 


3 


6 


Political Scl. and 










Public Admin, 


5 


10 


12 


16 




it 



Disciplines of 
Investigators 



Table 1 (Cont.) 



FY 1966 FY 1967 FY 1968 FY 1969 



Psychology 


2 


1 




5 


Public Health ’ 




3 


2 




Radiology 


1 








Range Management 








l 


Recreation & Parks 


2 


6 


2 


4 


Sanitary Science 




1 


1 


1 


Seismology 


1 








Sociology 


4 


7 


8 


18 


Soil Science 


17 


20 


24 


36 


Statistics 






1 


3 


Toxicology 




2 






Vet. Science 


1 






1 


Water Resources 


3 


11 


4 




Watershed Management 




2 


2 




Zoology 


24 


27 


50 


53 


Total 


629 


355 


965 


1194 




Research sociologists at Utah State University. Or. Wade H. Andrews, left, and Dennis C. 
Geertsen, right, are reviewing data tabulation analysis of attitudes toward the Bear 
River Basin development. Photo by Utah Center for Water Resources Research 
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Table 2 



THE SCIENTIFIC DISCIPLINES AND EDUCATIONAL STATUS OF 
STUDENT RESEARCH ASSISTANTS WHO RECEIVED P.L. 88-379 
FINANCIAL SUPPORT, FISCAL YEAR 1969 



Scientific Educational Level of Students 



Background 
Area of 
Student 


Under- 

gradu- 

ates 


Master 1 

Candi- 

dates 


s Doctoral 
Candi- 
dates 


Post- 

Doctoral 


Total 

Students 


Agriculture 


25 


9 


8 




42 


Agronomy 


9 


12 


8 




29 


Anthropology 


2 


4 


3 




9 


Architecture 












(Landscape) 


4 


5 






9 


Art 


2 








2 


Atmospheric 












Science 




1 


1 




2 


Bacteriology 


2 


2 


1 




5 


Biology 


64 


52 


41 




157 


Botany 


6 


8 


11 


2 


27 


Business Admin, 7 


11 


2 




20 


Chemistry 


23 


24 


18 


4 


69 


Computer 












Science 


1 


5 






6 


Conservation 




1 






1 


Earth Science 


1 


1 






2 


Ecology 




5 


4 




9 


Economics 


31 


39 


32 


1 


103 


Education 


16 


2 






18 


Engineering 


244 


254 


146 


7 


651 


Entomology 


2 


5 


1 




8 


Fishery Biology 12 


7 


4 




23 


Fcod Tech- 












nology 


1 








1 


Forestry 


16 


16 


6 


1 


39 


Fuel Science 


1 








1 


Geography 


12 


5 






17 


Geology 


29 


48 


31 




108 


Government 








3 




History 


2 


1 






3 


Horticulture 


2 


4 


4 




10 


Hydrology 


9 


12 


11 


2 


34 


Industrial 












Management 




4 






4 


Information 












Science 


1 


1 






2 


Journalism 


1 


1 






2 
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J12-992 0 - 10 * I 



Scientific 


Educational 


Level of Students 




Background 


Under- 


Master 1 


s Doctoral 




Area of 


gradu- 


Candi- 


Candi- Post- 


Total 


Student 


ates 


dates 


dates Doctoral 


Students 



Law 


9 


8 


2 




19 


Liberal Arts 












& Humanities 


17 








17 


Library Science 


2 






2 


Limnology 




5 


7 




12 


Marketing 




1 






1 


Mathematics 


4 


5 


1 




10 


Meteorology 


6 


1 






7 


Microbiology 


15 


24 


10 


3 


52 


Natural 












Science 


1 








1 


Oceanography 






1 




1 


Physics (Geo. 












6c Soils) 


18 


13 


11 


3 


45 


Planning (City 












& Reg.) 




7 


1 




8 


Pharmacology 






1 




1 


Physiology 


1 








1 


Political 












Science 


4 


9 


3 




16 


Pre-medicine 


2 


2 






4 


Public Health 


7 


4 


5 




16 


Reuieatiuii 












6c Parks 




2 


3 




5 


Resource 












Development 


1 




3 


1 


5 


Science 


2 








2 


Sociology 


3 


7 


10 




20 


Soils 


9 


10 


16 


2 


37 


Statistics 






1 




1 


Textiles 6c 












Clothing 




1 






1 


Vet. Medicine 


1 




1 




2 


Water 












Resources 




5 


8 




13 


Watershed 












Management 


9 


2 


6 




17 


Wildlife 












Biology 


10 


17 


7 




34 


Zoology 


23 


34 


33 


4 


94 


Total; 

61 disciplines 


669 


698 


465 


30 


1862 




60 



NUMBER OF STUDENTS 



FIGURE 3 

STUDENTS RECEIVING FINANCIAL SUPPORT 
BY SERVING AS RESEARCH ASSISTANTS 



IN THE P.L. 88-379 PROGRAM 




U Funds were available in Fiscal Year l--'65 for the latter part of the year only. 
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FIGURE 4 

ACADEMIC LEVEL OF STUDENTS RECEIVING FINANCIAL 
SUPPORT BY SERVING AS RESEARCH ASSISTANTS 
IN THE P.L.88 - 379 



561 


1361 


1558 


1866 


1862 


STUDENTS 


STUDENTS 


STUDENTS 


STUDENTS 


STUDENTS 


SUPPORTED 


SUPPORTED 


SUPPORTED 


SUPPORTED 


SUPPORTED 




UNDERGRADUATE 
OHO MASTERS 



$:mm OOCTORAL 
I \ POST* OOCTORAL 
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Student Research Assistants (Title I) 



The level of funding for Title I research remained the same in Fiscal Year 
1969 as it was in Fiscal Year 1968 and the number of students reported as having 
received P.I,. 88-379 financial support as research assistants likewise remained 
essentially che same -- 1862 in 1969 as compared with 1866 in 1968. The numbers 
are shown graphically for the past five years in Figure 3 and, according to 
academic level of the student assistants* in Figure 4. There has been an increase 
in the percentage of assistants who are candidates for the doctoral degree -- 
15.1 percent in 1966 to 16.9, 20.5, and 24.9 percent, respectively, in 1967, 1968 
and 1969; whereas the percentage of undergraduates has declined from about 44 
percent to 36 percent of the total. 

The scientific discipline and educational level of student assistants are 
shown in Table 2. By grouping some specialized types of engineering, biology, 
economics, and other disciplines into relatively broad categories, student 
assistants are listed in 61 disciplines. Engineering, with 651 students, con- 
stitutes the largest group -- 35.0 percent of the total — followed by biology, 
considered broadly, with 413 students; geology, with 108; economics, with 105; 
and others, with lesser numbers. This is a pattern similar to that of last year; 
however, more students appear in these annual compilations with background train- 
ing in such fields ns anthropology, sociology, and landscape architecture than 
was true during the first year or two of the P.L. 88-379 program. 




of Technology, is identifying through spectrophotometric analysis the degradation 
products of biologically degraded dyes. (B-027 GA) 
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Students serving as research assistants 
to well qualified professional investiga- 
tors gain valuable training and research 
experience. Nearly 2,000 students 
received financial support while working 
as assistants on PL 88-379 projects in 
1969 and a much larger number 
benefitted from supplies and equipment 
purchased for approved projects. 





Laboratory Technician Dorothy Waring 
precipitates warp size in research on 
textile wastes. Dr. Carl £. Bryan, De- 
partment of Textile Chemistry, North 
Carolina State University, is the 
principal investigator ( A - 035- N C > 



Dr. John M. Lawrence, Principal Investigator, 
and David Bayne, Graduate Research Assistant, 
of Auburn University sampling water In Lakes 
Eufala ar,d Seminole to determine nutrient input- 
storage output relationships. Project B-015 ALA. 





Faculty and students of the University of Wis- 
consin examine the computer printout sheets 
they are using in their preparation of a macro- 
water quality model for the Title II project, 
''Institutional Design for Water Quality Man- 
agement: A Case Study of the Wisconsin River 
Basin." (C*12?S) (t to r) Charles Me Quillan, 
James Fritscn, Gerald Stadler, Charles Falkner 
and Atasdair Mac Cormick. Photo, courtesy University 
txt«nsion. University of Wisconsin 



Use of collecting equipment being explained to 
students. Bottom trawl in foreground. 

Photo, by Utah Center for Water Resources Research 
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Two graduate assistants retrieving a viral sampling pad 
from a wastewater treatment plant tank for laboratory 
examination in Project A 026 MICH. 




Mr. Paul Schorr (right) and Dr. B. 
Davidson are shown at the analog 
computer during a simulation run on 
project B-011NJ. The oscilloscope 
picture shows a set of simulated DO 
and BOD curves used in a particular 
aeration station design calculation. A 
change in the potentiometer settings 
causes the system parameters to 
change, thus resulting in a new 
design. A permanent record of the 
calculations are obtained on the X*Y 

plotter. 





Photo, Courtesy New Jersey Weter Resources Research Institute 




Professor (rving K Fox, Associate Diioctor 
of the Water Resources Center at the Uni* 
versity of Wisconsin and Chief investigator 
of the Title II Project No. C-1228, points 
to the location of a paper mill on the map 
of the Wisconsin River Basin. The other 
members with Professor are studying 
aspects of financing and economic 
incentives of water quality management, 
the possible effects of water levels in 
reservoirs upon recreation values, and (he 
results of a survey made on the attitudes 
of the public. 
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Title II Research Investigators 



Activation of Title II of the Water Resources Research Act enhanced oppor- 
tunities of bringing to bear on water problems research competencies of academic 
institutions as well as qualified individuals, public agencies and private and 
non-academic organizations not previously participating in the program* 

Inasmuch as research priorities suggested for Title II research projects 
often involved systems analysis and focused, to a large extent, on planning 
methodologies, the percentages of research investigators have tended to be higher 
in the areas of engineering, economics, and mathematics than for the wider apread 
of disciplines represented among Title I project investigators* Also, students 
employed as research assistants were fewer in number, particularly for the non- 
academic firms receiving grants or contracts* A tally made of 32 academic 
institutions conducting Title II research projects showed that 31 of them em- 
ployed one or more student assistants, whereas 19 of 25 non-academic organiza- 
tions with Title II projects employed no students. 

Of 215 professional investigators assigned to 57 Title II projects, 118 were 
engineers, 24 were economists, and 15 were mathematicians, statisticians or com- 
puter specialists. Assisting these professional investigators were 114 students, 
nearly 39 percent of whom had their master's degree and 41 percent their bachelor's 
degree* The level of formal, academic training for Title II professional investi- 
gators was lover than that of Title I investigators. Among the principal investi- 
gators of 23 Title II projects conducted by non-academic organizations, were 5 
with the bachelor '8 degree, 11 with master's, and 7 with doctoral degrees. 

Seventeen of the 23 were engineers. These private research organizations, however, 
have a wealth of experience in space, defense and other types of invest igations, 
and specialists in many areas who can apply their knowledge and techniques to 
complex water problems. 

As an example, Booz, Allen and Hamilton, Inc., in project C-1370, is making 
an analysis of managerial, financial, and regulatory functions of regional water 
resources authorities and other institutional arrangements, Heading up this study 
is a doctor of engineering with a background in physics, mathematics and operations 
research. Assisting him as professional associates are four individuals with 
master's degrees in the following fields: mechanical and electrical engineering, 

urban and regional development, business management, and economic analysis; and 
a fifth associate with a B*A. degree in psychology. Universities also have a 
competent manpower pool from which to draw for similar research and can utilize 
student assistants advantageously. Project C-1228 on institutional design for 
water quality management conducted by the University of Wisconsin may be cited as 
an example. 

This case study of the Wisconsin River Basin is being headed by a professor 
of urban and regional planning who haa an A.M. degree in political science. 
Assisting him as professional associates are: a Ph.D* in Industrial engineering, 

a Ph.D. in political science and economics who serves as Assistant Professor in 
Urban and Regional Planning, and an individual working on his M.S. in mechanical 
engineering. 

Student assistants on this project include: (l) a student with an M.S. 

degree in sanitary engineering and water resources management, currently working 
on his Ph.D. degree in urban and regional planning; (2) a student with a B.S. 
degree in mathematics and a M.S. in industrial engineering; (3) a student with a 
M.S. degree in forestry who Is enrolled in a Ph.D. program in forestry; (4) a 
student currently enrolled in Industrial engineering for his Ph.D.; (5) a B.S. 
student enrolled in industrial engineering; (6) a student with degrees in elec- 
trical engineering and statistics who is currently working on his Ph.D. in 
statistics; (7) a B.S. degree student enrolled in the Law School; and (8) a civil 
engineer with a B.S. degree. 
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Dr. E. Stanley Lee of Kansas State University and principal investigator of 
01032 dealing with modeling and optimization of water resources systems, stated 
that as a by-product of this research, five graduate students had been trained 
for optimization and systems study of water resources. 

In addition to three graduate snd one post-doctoral student assisting with 
project C-1034, "Stochastic Models for Water Resources Management , " the prin- 
cipal investigator, D. P. Loucks of Cornell, stated that 26 graduate students 
successfully completed an advanced course and seminar on stochastic modeling and 
participated in discussions on results obtained from research undertaken in this 
project. Seminars were presented to graduate students and faculty at the 
University of Florida, University of Rhode Island, and Columbia University in 
addition to Cornell and Harvard Universities. 

Two students assisting with project C-1401 by the University of Maryland^ 
Natural Resources Institute - Chesapeake Biological Laboratory, used equipment 
and limited expendable supplies from the OWRR contract in carrying out work on 
phytoplankton-nutrient relationships. In this case, the students had NSF-URP 
(Undergraduate Research Participation) support, but used OWRR equipment. The 
principal investigator reported this to be an effective means of training students 
and obtaining valuable research data. 

Dr. Frank D. Masch, University of Texas at Austin, principal investigator of 
project C-1158 dealing with horizontal dispersion in shallow estuaries of irregular 
shape, commented that the training of student assistants on this project was further 
enhanced by their occasion to prepare and present papers and to participate in the 
planning and conduct of, and data reduction from, tests performed on a physical 
hydraulic model at the U.S. Corps of Engineers Waterways Experiment Station. 

Research findings from C-1282, "Computer Analysis of Watershed Characteristics 
Affecting Flood Hydrology," a study conducted by the University of Kentucky 
Research Foundation, contributed to the teaching of a course in advance hydrology 
by the principal investigator. 

Professional investigators and student assistants engaged in Title II research 
are shown by scientific discipline and highest degree held in Table 3. A comparison 
with investigators on Title I projects can be made by referring to Tables 1 and 2. 
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SCIENTIFIC DISCIPLINES OF INVESTIGATORS OF 
TITLE II PROJF.CTS 1968-69 
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Table 3 (Cont.) 



Disciplines of Professional 
Investigators and Student 
Assistants 


No. of Professional 
Investigators 
by Degree 


No. of Student 
Assistants 
by Degree 
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I 
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Meteorology 
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Attraction of Professional Investigators to the Water Field 

Seventy-one trained professional investigators from 28 scientific and engi- 
neering disciplines who, heretofore, had not been in the water field, were 
Influenced to engage in water resources research or training in the past year. 

Much of the credit for this goes to the State institute directors, who see the 
need to bring the technical competence of investigators from any disciplines to 
bear on complex and Interrelated water problems. These new recruits included 
16 engineers of various types; 8 chemists; 8 economists; 6 biologists; 6 statis- 
ticians; 3 each of foresters, geographers, lawyers, and sociologists; 2 mathe- 
maticians and 2 physicists; and one each of the following: animal scientist, 

anthropologist, landscape architect, artist, business administrator, agricultural 
education specialist, environmental scientist, geologist, horticulturist , 
expert in industrial administration, marketing specialist, physiologist, regional 
planner, recreation specialist, and soils professor. 

A newly appointed art instructor at the University of Massachusetts, as a 
result of an OWRR project, has begun a study of attitudes in "inner city" 
children toward brooks and wetlands as revealed in their drawings and paintings. 

An investigator of an Idaho project, who formerly was concerned with farm 
resources research, is now engaged full-time on water resources research. 

Two mathematicians at Clemson University are now working for the first time 
on a water problem -- development of stochastic models for reservoirs. 

A nuclear engineer at North Carolina State University is bringing his 
expertise in neutron activation analysis to bear on water quality problems. 

These examples may suffice to show how people already trained in some 
scientific discipline, but inexperienced ir. the water resources field, may be 
encouraged to help solve water problems, sometimes in conjunction with other 
specialists on an interdisciplinary or a multidisciplinary basis. 

University Response to Need for Improved Training and Research Capability 

New Research and Training Facilities 

Expansion and Improvement of research and training facilities by universities 
is an Important contribution to water resources research and education. 

P.L. 88*379 funds, in accordance with the Rules and Regulations of the Act are not 
used to pay the cost of permanent buildings, but they are used for research equip* 
ment and supplies needed for approved projects. Universities and the respective 
States, with assistance from some Federal agencies such as the U.S. Public Health 
Service, the National Science Foundation and National Institutes of Health, have 
taken the leadership In building needed new laboratories, greenhouses, flumes, 
simulated streams, and other facilities for water research and training. 

During the past year (1968-69) 39 institutions in 32 States reported con* 
structlon of, or major addition to, 15 new buildings, completion of some 25 new 
laboratories, and acquisition or construction of 26 or mote other major facilities, 
the latter included a mobile laboratory, experimental streams, and installation of 
a telemetry system for connecting field experimental areas with laboratories on 
campus, thus permitting measurement of variables in rainfall, temperature, stream* 
flow and other factors. 
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The Universities have responded to the need for improved water 
resources research and training by adding new faculty members, 
introducing new courses, and acquiring or constructing new 
facilities. 



Sediment, pesticides and plant nutri- 
ents are water pollutants from 
agriculture and of concern for water 
quality in the mid-continent area. 
These runoff and erosion plots are 
near McCredie, Missouri. Photo, couritsy 
Missouri Wittr fttsourtii fttsiarch CiMir 




The Kit Jones a 6$ foot diesel research vessel, is 
fitted out as a sea going laboratory, its research 
equipment includes a submersible pump which relays 
water samples to instrumentation on board that can 
measure and record temperature, pH, salinity, 
turbidity, otygen, etc. (8 03S GM 
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The network ol experiment#! pondi and the adjacent fiiheriet laboratories at Cornell Unlvenity 
enable scientists to purtue valuable reiearch on biological atpect* of water reiourcei. Project! 
8 01 1*NY and A*0 I 3-NY. Pfoto. Ccwrteir Tor* State Cottege $1 *|ficvttwfe #t Cornell UrnttiHj 





Rainfall limulator and initrvmented flow table 
de signed to itudy overland flow on veryrough 
letlattt. Project 6 003IND Principal 
investigator l. f. Higgins on the left. 



Mobile late Study laboratory vied in the reiearch 
project A 016 MINN. "Primary productivity of 
aelected Minneiota lain** 
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New Courses Developed 



To keep up with changing times and problems, utilize new techniques and 
facilities, and provide effective training, universities continue to develop and 
offer new water-related courses. Although development of such courses is not 
funded by OWRR, some of them ere outgrowths of P.L. 88-379-supported research and 
uany have been encouraged by State water resources research institute directors. 

During the 1968-69 year, 286 new courses were reported by 61 universities 
participating In the P.L. 88-379 program. This brings to 1304 the number of new 
water-related courses reported in the five years since this cooperative Federal- 
State program was started. Development of these courses has been a major contri- 
bution to improved training in the water resources field. 

Courses in engineering, including many concerned with systems analysis and 
environmental problems, again ranked first in number, followed by courses of a 
biologic nature, geology, atmospheric sciences, ecology, ard oceanography. Grow- 
ing recognition of urban, environmental, and planning problems is reflected in 
course titles. 

The 286 courses developed or offered for the first time i.: 1968-69 have been 
grouped in Tabic 4 into 27 broad categories for comparative purposes. 




Mott of the State Water Itltilite schools are members of the Universities Council on Water Ro* 
sources (UCOWR1 Sonetor Frans I. Moss. Utah »t shown here addressing a dinner meeting of 
UCOWR. Columbia. Missouri. Veit to r<ght: Or R t Peck. Vrce President. Rasearch and Graduate 
Studies University of Missouri; Or Warren Hath Chairman of Etecuhve Board UCOWR, University 
of Calfor.'ia. Riverside; Senator Moss; Or. Carl Rindtvater. Member, itecutive Board. UCOWR. 
Georgia Tech . Atlanta; and Or A G. Unktesbey. Acting President, University of Missouri. 
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Table 4 



NEW WATER- RELATED COURSES DEVELOPED IN 1968-69 



Broad Category and Nature of Courses Developed: 



No. of 
Courses 



Agronomy 






5 


Atmospheric Sciences 




teteorology, climatology, 








glaciology 


19 


Biology 




Aquatic, micro, radiation 


14 


Botany 




Algology, plankton taxonomy, etc. 


8 


Chemistry 




Bio, geo, organic, hydro 
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7 


Earth Science 




Geochronology 


2 
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Community, open space, human 
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Engineering 




Civil, sanitary, environmental, 
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Forestry 




Water use, remote sensing, etc. 


9 


Geography 
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2 


Geology 




Hydro, geomorphology, sedimentation 


24 
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Geohydrology, etc. 


10 
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Natural resources, water 


3 
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6 


Oceanography 






11 


Physics 




Theoretical, geophysics 
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4 


Political Science 




Local government, urban 
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Soil Science 
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Statistics 
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Water Resources 








Science 
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4 
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Management 


• • 




2 


Zoology 




Fish and wildlife, entomology, 








wetlands, etc. 


17 



No. of Broad Categories Represented, 27; 



No. of Courses, 286 
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Kew Staff Members for Research and Training 

Since 1965, over 1300 new staff members have been reported employed by uni- 
versities participating in Title I research programs in positions where they can 
contribute to water resources research and training. 

Over the past four years four out of every five nev staff members employed 
have gone into new positions. This is indicative of rapid expansion in the water 
resources field. For Fiscal Year 1969, forty-six of the State Institute uni- 
versities and 12 other participating universities reported employing 238 new staff 
members for new positions and 72 people to replace employees who had retired, 
moved, or died. Thirty-nine (12.67.) of the new employees were supported, in part, 
by P.L. 88-379 funds. As in past years, most of the new employees held doctoral 
degrees -- the breakdown in 1969 being 76. 47. doctoral, 16.87. masters and 6.8% 
other degrees, largely bachelors. 

New staff members reported employed in the past four years are listed by 
discipline In Table 5. 



MAJOR FIELDS OF TRAINING OF UNIVERSITY 
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P.L . 88-379 Contributions to Student Trainin g 



Financial Support 

Preceding sections of this report have indicated that in Fiscal Year 1969, 
1862 students were employed as research assistants on Title I projects and 114 
served as assistants on Title II projects, making a total of 1976 receiving 
financial support from the P.L. 88-379 program. OWRR funds are not paid directly 
to students as training stipends. Availability of funds through the respective 
projects for research assistance however, enables students to gain valuable paid 
experience while enrolled at a university. Other Federal and State agencies, 
and, sometimes private industry, often contribute to these or related project*, 
and their support is acknowledged with thanks and appreciation. 

Use of Program Supplies and Equipment 

Student benefits through the P.L. 88-379 program are not limited to the 
support of and use of program equipment by students assisting with discrete OWRR 
projects. Many other students benefit as a result of equipment used for demon- 
strating various techniques and in other teaching activities. This is true, 
particularly, of visual aid equipment, books, desk calculators, and the like, 
acquired in connection with the P.L. 88-379 program. 

In 1968-69, the 51 State institute directors estimated that at their 
respective universities, and at 27 other participating universities, nearly 4300 
students in water- related work made use of such supplies and equipment. Of 
4272 students reported in this connection, 2382 were undergraduates, 1159 were 
candidates for a master's degree, 688 were doctoral candidates, and 43 were post- 
doctoral students. This indicated use of equipment is another significant 
contribution of the P.L. 83-379 program to the Nation's academic capabilities for 
water resources research and training. 

Seed Money Effects 



A dramatic example of the "seed money" effect in generating needed research 
took place in North Carolina. To quote from a letter from Director Howells, 

"One of my early efforts was to encourage a research program 
dealing with the more efficient use of water by industry and the 
in-plant control of wastes. In working with food processing 
industries the problem was one of getting together a group, finding 
someone to provide the leadership, and providing the initial financial 
support during the project development stage. Dr. Crosswhite assumed 
this responsibility on behalf of the food processing area and we were 
then ready to move ahead if the necessary seed money could be found. 

North Carolina State University provided an initial $6400 and an 
additional $2500 in Federal funds was provided from the FY 1969 annual 
allotment . 

"Because of its importance to water pollution control, the poultry 
processing industry was selected for the Initial effort. Industrial 
resistance was high and a prolonged period of plant visits and consul- 
tation with industry executives was involved. This finally developed 
into a full-fledged demonstration project, however, which was funded by 
FVPCA this year. The total cost is $283,381 with a Federal grant of 
$198,366. 
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"In terms of research generated, the initial annual allotment 
grant of $2500 can be related to the total level of activity of 
$292,281 ($283,381 + $6400 + $2500) for a return of $117 for each 
dollar of annual allotment seed money. There is no question in my 
mind that this work would not have proceeded in the absence of the 
initial university and 0WRR funding. There was simply too much 
preparatory work to be done. Now that the work is underway, it is 
expected to continue and extend into other areasof the food process- 
ing industry." 

Another example of the seed money or spin-off effects of an allotment project's 
resulting in greatly increased financial support from other sources is described 
in Part IV of this report by Montana Center Director, Helmer C. Holje. 

Student Enrollment Reported in Water-Related Fields 



Directors of the 51 State water resources research institutes have, for the 
past five years, been requested to provide the best information they can on 
numbers of students enrolled in water-related curricula in universities partlcl- 
pating in the P.L. 88-379 program. Information has been requested, also, on what 
happens to students following graduation. Such information is not readily avail- 
able, nor is it strictly comparable from year to year. Interpretation as to what 
constitutes a water resources student differs with individuals and at different 
institutions. The number of institutions reporting such information has w 'ed, 
as has coverage within the institutions' various departments. Hence, the 
information reported here should be regarded as approximate and interpreted vim 
these reservations in mind. 

It would appear, however, that there was a marked Increase in numbers of water 
resources* related students from the 1964*65 to the 1966-67 school years, reported 
enrollment for those years being 8,958 and 15,117, respectively; then there was a 
leveling off, or perhaps a decline in total numbers. 

For the school year ending June 1968, seventy-six Institutions reported an 
enrollment of 14,406. For the 1968-69 school year, 66 institutions reported 
9090 students; however, only 58 of these universities reported Juniors and 63, 
Seniors. Of the 9090 students, 5739 were undergraduates, 1888 were master's 
degree candidates, 1139 were doctoral degree candidates, and 24 were post-doctoral 
students. 

Graduates and What Happens to Them 

Number Reported Graduating 

The State institute directors, with the cooperation of participating uni- 
versities, reported the graduation of 4978 students -- 2922 with bachelors' 
degrees, 1581 with masters' degrees, and 475 with doctoral degrees* Over 13 
percent of the graduates had received P.L. 88-379 support as research assist- 
ants -• 8.1 percent of the bachelors, 19.0 percent of the masters, and 26.8 
percent of the doctoral graduates reported. 

Status of Graduates 

Status of the graduates, insofar as was known at the end of the 1968-69 
school year, is shown in Tables 6, 7, and 8. Of 4978 graduates reported, the 
whereabouts of 1677 (33. 7X) were not known. This was particularly true of the 
bachelors' degree graduates (41.8X), whereas the status of only about one-quarter 
(25.5 ) of the masters' graduates and 11.4 percent of the doctoral degree re- 
cipients vss unaccounted for by the State directors. Another 7.4 percent or 366 
of the graduates were reported as having received non water-related positions or 
were unemployed. Presumably, some of these two groups have obtained water-related 
positions subsequent to July 1, 1969. 
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Of the remaining 59 percent (2935) 47.4 percent obtained water-related 
positions (35.67. of the bachelors, 48.67. of the masters and 89.87. of the doctoral 
graduates); 28.9 percent returned to school (32.57. of the bachelors, 31.77. of 
the masters, and apparently 32 or 8.2 percent of the doctoral graduates obtained 
post-doctoral assignments), and 23.6 percent went into the military service 
(31.97. of the bachelors, 19.97. of the masters, and 2.0% of the doctoral degree 
graduates) . 

Over the past four years there appears to have been a decrease in the per- 
centage of graduates who obtained positions with Federal agencies and private 
organisations and an Increase in those employed by colleges and universities. 

The percentage finding employment wf *h State agencies has remained about the same 
(207. to 21%). Doctoral degree graduates in particular are going Into university 
positions (about 637. of those obtaining water-related positions) where the 
majority of them (over 70%) divide their time between research and teaching. In 
contrast, only 5.7 percent of the bachelor degree graduates obtaining full-time 
water-related positions find employment In universities. This excludes those 
taking course work who may have fellowships, assistantshlps, or scholarships. 
Employment opportunities for both bachelor and master degree graduates appear to 
be greatest In operations and management- type positions. 

Some students who formerly served as research assistants on approved OWRR 
projects may find employment as professional investigators In their own right a 
year or so after graduating. No complete record of this Is available, but in 
their 1969 annual reports, 15 State institute directors reported a like number 
of instances in which former student assistants were now functioning as pro- 
fessional investigatora on P.L. 88-379 projects. At least aix of these Individuals 
were in States other than that in which they received their training. Trained 
manpower, like research results, is an important product of this cooperative 
program. 
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bachelors’ 
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141 


30 


191 


481 
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223 


1220 


2922 


Masters’ 
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115 


93 


165 


338 


212 


113 


403 


1581 


Doctoral 


55 


21 


220 


55 


32 


8 


30 


54 


475 


Total 


361 


277 


343 


411 
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366 
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4978 
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TYPES OF WATER- RELATED POSITIONS HELD BY 1968*69 GRADUATES 
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of 

Degree 
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ky 

Gradu- 
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No. of Graduates Engaged In Water-Related Work In: 
Colleges or Universities Other Organisations, etc. 
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225 


87 


71 


526 


Masters' 


39 


37 


36 


113 


161 


78 


51 


515 


Doccotal 


32 


35 


160 


71 


24 


22 


7 


351 


Total 


75 


102 


199 


290 


410 


187 


129 


1392 
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Table 8 



STATUS OF GRADUATES AS REPORTED AT THE END OF THE SCHOOL 
YEARS 1965-66 to 1968-69, RESPECTIVELY \/ 



Status (Reported in percentages) 


1965-66 


1966-67 


1967-68 


1968-69 


What Happened to Graduates Whose 
Whereabouts Were Known 1/ 










Water-related positions 


49.3 


50.3 


49.0 


47.4 


Returned to school 


33.2 


30.0 


26.7 


29.0 


Military Service 


17.5 


19.7 


24.3 


23.6 


Types of Water- Related Agencies in 
Which Graduates Were Employed: 










Private agency, etc. 


33,7 


31.0 


32.2 


29.5 


Federal 


28.9 


29.4 


26.5 


25.9 


State 


20.8 


21.0 


20.2 


20.0 


College and University 


16.6 


18.6 


21.0 


24.6 



y Fxcluded from this table are those graduates whose status was 
not known or who were unemployed or working in other fields. 




Robin Knox, graduate student, Project A 020-MO, is working on a thesis problem on 
the effect of heat on the growtli of fishes. Robin is typical of many graduate students 
who now face military obligations and are uncertain about completing their graduate 



program. 
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Public Involvements at the State Institute and University Level 



There is an increasing awareness on the part of State institute directors and 
other university staff members for improved means of transferring research results 
and technology to action agencies -- to decision-makers, planners, managers and 
others who need the information. This awareness was reflected in the recent 
resolution of the Universities Council on Water Resources (UCOWR) to this end; 
it ir also shown by the many State water commissions, councils, committees and 
other groups in which institute directors and other university personnel are 
represented and exercise leadership. Many examples of such public involvement 
as welt as contributions to academia are given in the abbreviated statements of 
the respective State institute directors in Part IV of this report. 

An example or two here may suffice to illustrate approaches being taken to 
transfer research results or technology to the user in such a way that the re- 
search product can be more effectively used. 

Thirty-seven North Carolina communities have requested flood information 
studies from the Corps of Engineers, U* S. Geological Survey or T.V.A.; ye*-, very 
little community action has materialized following completion of the studies. 

The North Carolina Institute sponsored a workshop involving planners, local 
officials, university faculty, and State and Federal officials on June 6 , 1969 , to 
explore problems associated with utilization of Flood Plain Information Reports 
and implementation of flood plain management plans. Additional steps which might 
be taken by action agencies and/or research needs ware identified. 

There is concern that present drainage practices in the Coastal Plain of 
North Carolina may cause deterioration of one and one-half million acres of organic 
soili, and interference with fish and wildlife habitat and ground water recharge. 
Development of industrialized farms out of wetland areas increases the dimensions 
and conflicts in wat«sr us^. Other agricultural water-use problems in the State 
include pollution from agricultural chemicals and animal wastes. All of these 
were discussed at a Workshop on Agricultural and Water Use sponsored by the State 
Institute on March 14, 1969, involving farmers, county extension chairmen, and 
water resources research and management personnel. Research on fertilizer loss to 
surface and ground waters, design of a pesticide monitoring system, and criteria 
for drainage and irrigation is being sponsored by the Institute (A-031-NC, A-021-NC, 
and A-033-NC) . 

To better inform the interested public as well as people directly involved in 
the water resources field, several of the State institutes -- Alaska, Colorado, 

Maine and Nebraska — have, in the past year, started issuing water resources 
newsletters. Other States, such as Minnesota, North Carolina, and Puerto Rico, 
have found these newsletters an effective means for disseminating timely infor- 
mation. 

Regional Coordination 

State institutes, also, are giving increased attention to water problems on a 
regional basis with a view to improved coordination of research and action programs. 
Activities of some of these regional groups are discussed here. 

In the Midwest there is much concern about agriculture's involvement in 
polluted and clean water. The Midwest State institute directors at a meeting 
mentioned in last year r s Annual Report, reorganized and formed an expanded 
institution known as the Mid-Continent State Hater Resources Research 
Organizal ions . At that meeting decision was made to hold "A Conference 
Concerning the Role of Agriculture in Clean Water. n This Conference, sponsored by 
the Mid-Continent group, the Iowa State University and the Federal Water Pollution 
Control Administration was scheduled to be held at Ames, Iowa, November 18 - 20 , 1969 . 
Funding, in part, will be by the Iowa Community Services under Title I of the 
Higher Education Act of 1965 . 
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Attending this meeting will be many of the Nation's outstanding authorities 
to present papers on and discuss sediments, plant nutrients, pesticides and animal 
wastes as water pollutants, Proceedings will be published and are expected to 
provide authoritative information on this important problem area for several years. 

The 11 Western States have had an active regional organisation for several 
years. On August 25-27, 1969, this group, in cooperation with the Western States 
Water Council, held the Third Western Interstate Water Conference at Colorado 
State University. Again, nationally recognized authorities on the program dis- 
cussed water problems of mutual concern in this region. 

Recognizing the need for regional cooperation, the New England Council of 
Water Center Directors was organized on a formal basis in May, 1966, The general 
purpose of the Council is to identify and share work on water resources research 
needs of cotranon interest. 

Meetings are held in Boston, Massachusetts, about every four to six weeks and, 
by invitation during the past year and a half, have frequently included Mr. 

R. Frank Gregg, Chairman of the New England River Basins Commission and Mr. 

Chapman Stockford, Executive Director of the New England Governors' Conference. 
These men have been helpful in planning regional research projects and conferences. 
A conference on water resources planning was held on May 16-17, 1968 and one on 
ecology and planning was scheduled for the fall of 1969. 

The Council has submitted for possible OWRR support, in the Fiscal Year 1971 
Title II program, a proposal entitled, "The Feasibility of Employing a Coordinator 
to Optimize Multi-University Regional Water Resources Research." 

In October of 1968, the Council was officially recognized by the New England 
Governors' Conference which issued a charter in which it recognized the Council as 
an organization responsible for formulation and coordination of regional activities 
relating to its area of specialization. The New England Governors' Conference 
looks to the Council for advice in identifying specific areas within which the 
six individual States can; 

(a) Exchange views and experience on subjects of 
general Importance to the people of the New 
England States; 

(b) Foster Interstate cooperation and regional 
development; 

(c) Attain greater efficiency in State administration; 
and 

(d) Facilitate and improve Stat*^ local and State-Federal 
relat ionships . 

The Charter is signed by the Governors of the six New England States. 

The Northeast Association of Water Resources Research Institute Directors 
has as its members, OWRR institute directors from the six New England States 
plus New York, New Jersey, Pennsylvania, Maryland, Delaware, Virginia, West 
Virginia, and Ohio. The main objective of this group has been to make the center 
or institute directors the best informed individuals on their respective campuses 
for water resources needs, planning, and management efforts, and for sources of 
funding for research. 

One-day meetings have been held twice yearly with speakers primarily from 
funding agencies, but, also, from groups such as the New England River Basins 
Commission in which summaries of their respective programs have been presented, 
followed by discussion of implications or opportunities for the research centers 
and vice versa. 
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The Southeastern institute directors are less formally organized, but in- 
dividuals do get together to discuss problems of mutual interest. 

Publications. Reports and Theses (See Appendix Q) 

Publications based on P.L. 88-379-supported projects, or related to work of 
State water resources research institutes, contribute significantly to the 
literature in water and related fields. They range from brief leaflets or 
brochures to books or book- length bulletins, each type fulfilling a need in dis- 
semination of information. 

During the year 1968-69, the Title X program produced 574 publications, 370 
of them based upon specific annual allotment projects supported, at least in 
part, by P.L. 88-379 funds; and 157 on matching grant (Section 101) projects. 

The additional 47 publications were mostly funded with annual allotment moneys 
but consisted of proceedings of conferences or symposia, the overall institute 
program, research needs and other program-related matters rather than specific 
projects . 

Emanating fre the Title I program, also, were 225 theses and dissertations 
based on specific projects — 151 annual allotment and 74 matching grant. Of 
these unpublished theses, 173 were masters' theses and 52 were doctoral, These 
are available on interlibrary loan from the respective universities. 

Twenty-six Title II projects produced 52 publications, an average of two 
publications per project, in the past year* in addition, three of the Title II 
projects resulted in 5 theses -- 1 doctoral, 2 masters and 2 listed as B.S. 

Honors theses. 

A majority of the articles are published in a wide variety of technical and 
scientific journals* Other outlets are proceedings of conferences and symposia, 
book publishers, and special publication series of State institutes or university 
departments. Several of the private research organizations publish their find- 
ings independently in sufficient number to satisfy OWRR requirements. 

As will be discussed in Part III of this report, the Water Resources 
Scientific Information Center (WRSIC), managed by OWRR, generated a number of 
publications in the past year, including the periodic Selected Water R esources 
Abstracts and a fourth volume of the Water Resources Research Catalog . All of 
the several publications issued by WRSIC are designed to disseminate water 
resources information and reduce undesirable replication of research. In total, 
11 documents or serial publications were produced by OWRR-WRSIC as an organi- 
zation and 8 water-related papers were published by individual staff members in 
CWRR- WRSIC. 

Thus, a totsl of 644 publications or theses was produced by the P.L. 88-379 
program in the past year. These are listed in Appendix Q. 

A technical completion or termination report is required for each research 
project supported with P.L. 88-379 funds. A completion report is filed for each 
project regardless of the number of publications emanating from a project. In 
Fiscal Year 1969, completion reports on 190 annual allotment projects, 40 match- 
ing grant projects and 13 Title II projects were received by OWRR. 

In some cases, the completion report represents the primary documentation of 
research accomplished. In order to assure public availability of these com- 
pletion reports, which may not be published formally, OWRR forwards copies to the 
Clearing House for Federal Scientific and Technical Information (CFSTl), 
Springfield, Virginia 22151. CFSTl serves as a central depository for QWRR- 
supported technical reports from which requirements subsequent to the initial 
distribution of these reports can be met. OWKR-WRSIC will issue quarterly lists 
of OWRR- sponsored reports. i 
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For publications and reports whose availability has not been described in 
the preceding paragraphs, readers can write directly to the author or to the 
director of the appropriate State water resources research institute. Addresses 
of these institutes are given in Appendix S. 

In addition to the publications and theses listed in Appendix Q, progress on, 
and research results from, many projects were presented at various public and 
scientific meetings during the year. 




Television and radio are effective media for bringing popular research results to the public. Director 
Smith (fight) of Missouri discusses water pollution with Paul Bernard of KMOX-TV in St. Louis. 
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OWRR in the Department of the Interior administers the PL 88-379 
programs at the Federal level with less than 40 employees. 




Assistant Secretary of Interior, Water Quality 
and Research, Carl i. Kletn (right) F. . 0, 

Eaton, Associate Director, OWRR (center), and 
William $. Butcher, Executive Secretary, 
Universities Council on Water Resources (left) 
enroute to Sot.th Tahoe Water Reclamation 
Plant inspection, June 30, 1969. Photo by T. i. 
Despard. Reno. Nevada 




Assistant Secretary Klein addressing the 
Universities Council on Water Resources, 
University of Nevada, June 30, 1969- Photo by 
7. $ Despard, Reno, Nevada 




Arthur Witt, Jr. rear) and George E. Smith, Director Missouri Water Resources Research 
Center (left) explain to OWRR staff member Daniel L. Leedy (right) research being done 
on effects of heated water discharge from a thermal power plant on a Missouri 
reservoir, photo by Robert S Campbell 
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PART III 



OWRR ACTIVITIES 

CWRR ENGAGED IN A NUMBER OF ACTIVITIES IN ADDITION TO ADMINISTRATION OF THE 
RESEARCH AND TRAINING PROGRAMS. THE FOURTH ANNUAL RESEARCH CONFERENCE WAS HELD} 
WRSIC EXPANDED THE INFORMATION BASE IN MACHINABLE FORM, IMPROVED USER SERVICES 
THROUGH SELECTED WATER RESOURCES ABSTRACTS, INDEXES, AND A LIMITED SELECTIVE DIS- 
SEMINATION INFORMATION SERVICE, PUBLISHED VOLUME 4 OF THE WATER RESOURCES RESEARCH 
CATALOG, AND ESTABLISHED 3 ADDITIONAL LITERATURE CENTERS OF COMPETENCE FOR A TOTAL 
OF 10; CWRR TOOK STEPS TO RESPOND TO THE RECOMMENDATIONS OF THE 1968 ADVISORY PANEL, 
TO DEVELOP ILANS FOR IMPROVED DISSEMINATION OF RESULTS FROM WATER RESOURCES 
RESEARCH, AND TO INTENSIFY A TOP-PRIORITY PROGRAM OF RESEARCH ON URBAN WATER 
RESOURCES. THIRTY-SIX TITLE II PROJECTS WERE SELECTED FOR SUPPORT IN FY 1970 WITH 
EMPHASIS ON METROPOLITAN WATER PROBLEMS AND SYSTEMS ANALYSIS IN WATER PLANNING AND 
MANAGEMENT. CONSULTANTS WERE ENGAGED TO PROVIDE STATE-OF-THE-ART REPORTS IN TWO 
SUBJECT AREAS— ECOLOGICAL CONSIDERATIONS IN WATER RESOURCES MANAGEMENT, AND A 
GENERAL ASSESSMENT OF SYSTEMS ENGINEERING AS APPLIED TO WATER RESOURCES. SEMINARS 
WERE HELD ON SYSTEMS SIMULATION, ANALYTICAL SYSTEMS FOR NATIONAL WATER ASSESSMENTS, 
DISPERSION OF WATER POLLUTANTS, PHYSICAL AND MATHEMATICAL MODELS OF ESTUARIES, 
ANALYSIS OF SMALL WATERSHED RESPONSES, AND SOIL WATER MOVEMENT. A SYSTEMS APPROACH 
TO GREAT LAKES RESEARCH WAS INITIATED WITH SUPPORT OF STUDIES AT OHIO STATE, UNI- 
VERSITY OH MICHIGAN, MICHIGAN STATE AND THE UNIVERSITY OF ILLINOIS. THE CWRR STAFF 
PARTICIPATED IN MANY INTRA- AND INTER-DEPARTMENTAL COMMITTEES CONCERNED WITH WATER 
RESOURCES PLANNING, RESEARCH AND MANAGEMENT. FUNDS APPROPRIATED FOR THE FY 1969 
PROGRAM WERE $5,100,000 FOR ANNUAL ALLOTMENTS, $3,000,000 FOR MATCHING GRANTS. AND 
$2,000,000 FOR TITLE II. NON-FEDERAL COST PARTICIPATION WAS $7 rfi'.V-'-'O 



PART III 
OWRR ACTIVITIES 



Introduction 



The Office of Water Resources Research engages In a variety of activities in 
administering the program authorized by the Water Resources Research Act of 1964* 

The main focus of these activities Involves research programs established under 
Titles I and II of the Act which require a continuing cycle of proposal reviews, 
evaluation, selection, funding, Inspection, monitoring, report reviews, accounting, 
and auditing* 

In addition, a number of other activities are undertaken to facilitate com* 
muni cat Ion and coordlnat lcm , to sharpen the focus on research gaps and to elevate 
understanding of water resources problems and their potential solutions* Among 
these activities are: the annual research conference; special seminars and meetings; 
the Water Resources Scientific Information Center (WRSIC); CWRR' 8 response to 
recommendations of the Special Advisory Panel; staff participation in affairs of 
committees concerned with water and related resources; employment of consultants 
to prepare state-of-the-art reports; and continuing development of the new, top- 
priority national program of research on urban water resources* 

Fourth Annual Water Resources Research Conference 



Each year CWRR sponsors a water resources research conference In Washington, 
D* C, to bring together Institute directors, representatives from other universi- 
ties, organizations and agencies conducting research supported by OWRR, and guest 
experts In various fields of water resources* 

The Fourth Annual Conference was held in Washington, D. C* on January 28 and 
29, 1969. It was attended by two hundred and thirty representatives of 
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universities, private research organ i za t i ons , industry, and Federal agencies having 
an interest in the cooperative research program established under P.L. 88-379, as 
amended, and administered by CWRR, The conference focused primarily on updating 
the 10-year water resources research program and the transfer of research results. 
In addition to prepared papers relating to the main conference themes, papers were 
also presented on multidisciplinary research and on the panel report of the Office 
of Science and Technology on policy and institutions in water resources research. 
These presentations were followed by general discussion led by discussion panels. 

At an evening meeting The Honorable Howard W. Robison, Representative from 
New York, gave a talk on prospects of additional legislation dealing with water 
resources research and was followed by a report by Dr. Dean F. Peterson on the 
status of the Water for Peace Program. The final afternoon session consisted of 
a report on activities of the Water Resources Scientific Information Center and 
brief reports by representatives of the six geographical regions on regional re- 
search activities followed by general discussion and adjournment. 

Water Resources Scientific Information Center 



Introduction 

The purpose of the Center is to insure prompt flow of information concerning 
water research and related accomplishments to the Federal water-resources community 
including officials engaged in research, management, and development programs; and, 
thereby, to promote improved communication, dissemination of knowledge, and avoid- 
ance of undesirable duplication of research effort. 

During the second year of operation, WRSIC concentrated its efforts upon the 
following specific objectives: 

(a) Expansion of the information base in machinable form; 

(b) Improvement of user services derived from the information base such as 
Selected Water Resources Abstracts , its indexes, and a limited SDI service, l.e., 
a service providing for selective dissemination of information according to the 
Interest of the recipient. 

(c) Support of other user services not derived from the information base, 
such as the Water Resources Research Catalog . 

The policy of the Center continues to be implementation of these objectives by 
coordinating, supplementing, and avoiding duplication of information services, 
which are supporting water-resources research, engineering, and management needs. 

Centers of Competence 

The eight literature centers of competence established during 1968, and de- 
scribed in the annual report of 1968, were continued during 1969. These centers 
Include, by subject area, and performing organization: 

(a) Ground and surface water hydrology -- Water Resources TJ vision, U.S. 
Geological Survey. 

(b) Hydraulic structures, soils, rock mechanics, and engineering materials — 
Office of Engineering Reference, U»S* Bureau of Reclamation. 

(c) Metropolitan water resources management — Center for Urban Studies, 
University of Chicago. 

(d) Water law in the Eastern United States — College of Law, University of 
Florida. 
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(e) Policy models for water resources systems — Department of Water Resources 
Engineering, Cornell University* 

(f) Water Resources economics -- Water Resources Research Institute, Rutgers, 
the State University of New Jersey. 

(g) Eutrophication -- Scientific Information Program in Eutrophication, 

Water Resources Center, University of Wisconsin. 

(h) Water resources in arid lands -- Office of Arid Land Studies, University 
of Arizona. 

In addition, with support of the FWPCA, the WRSIC has established two addi- 
tional centers of competence in subject areas concerned with problems of water 
quality. These are: 

(i) Thermal pollution -- Department of Sanitary and Water Resources Engineer- 
ing, Vanderbilt University. 

An ongoing research program in thermal pollution, under Dr. Peter A. Krenkel , 
will scan the literature concerned with chemical and physical aspects of heated 
effluents and their effects on aquatic life, mixing and dissipation phenomena 
associated with heated discharge, and the design and economical operation of cool- 
ing towers and ponds. Approximately 500 abstracts a year are expected in these 
subject areas. 

(j) Textile wastes -- School of Textiles, North Carolina State University at 
Raleigh* 

This center will scan literature concerned with effects of wastes discharged 
into water courses as the result of industrial textile operations, and related 
waste-treatment processes. About 250 abstracts are expected this year in these 
subject areas. 

In the ensuing months, with support from the FWPCA, the WRSIC plans to estab- 
lish more centers In such subject areas as: water quality requirements for fresh 
water and marine organisms, coastal pollution, pollution from oil spillage and 
other hazardous materials, agricultural wastes, and Identification of pollutants. 

From existing centers, and directly from publication sources of Federal water 
agencies and other organizations cooperating with the WRSIC, Selected Water Re- 
sources Abstracts expects to announce an Increasing range of the water-resources 
literature with approximately 12,000 citations and abstracts this year. Since 
the Vol . 2, No. 12, June 15 Issue of Selected Water Resources Abstracts , the sources 
for all abstracts In each Issue have been Itemized on the last page. Certain of 
the existing centers of competence, enumerated above, performed additional activi- 
ties, which should be noted. For example, the Scientific Information Program In 
Eutrophication at the University of Wisconsin has established an operating informa- 
tion center which, In addition to abstracting pertinent literature In eutrophica- 
tion, provides literature search services, periodic critical reviews, and Issues a 
directory of University faculty and staff In water resources* Monthly Issues In 
a separate format of the eutrophication abstracts furnished to the WRSIC are also 
available. The Center for Urban Studies, at the University of Chicago, In addition 
to Its literature scanning and abstracting responsibilities, has published a state- 
of-the-art review In the area of metropolitan water resources management. This 
publication Is described In more detail under the heading of New Publications In 
Part III of this report. 
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Systems Studies 



(a) Analysis of scientific and technical literature sources for water-resources 
information: 

During this year * contract study (1/) supported by WRSIC analyzed sources, 
format, and content of 867 serial type publications out of a possible 1,600 such 
publications which were identified as having, within the course of a publication 
year, a content with some degree of relevance to information needs of scientists, 
engineers, managers, and others concerned with effective use of our Nation's water 
resources • 

The analyzed serials, which were divided into eleven purposive types confirmed 
the expected spread in the subject discipline orientation. General program orienta- 
tion of the analyzed serials was delineated. 

Significant conclusions, related to the 867 serials analyzed, were: 

1* There is a high degree of scatter in the appearance of original papers. 
Eighty percent (80%) of the primary serials contain less than 5 original papers per 
year in water resources* 

2. Current abstracting services and other secondary publications cover 
only selected portions of the water-resources literature* 

3* Nearly two-thirds of the analyzed serials were published in the 
United States. 

4. Approximately one-third of the analyzed serials were published by 
professional societies, the largest single class of publishers. 

An organized data file, continuing detailed information about the analyzed 
serials, was also provided for WRSIC management purposes* 

(b) Identification of information needs in the water -resources community and 
requirements for making effective use of WRSIC services: 

The Water Resources Institute of the Texas A&M University, under a grant from 
WRSIC, is conducting a field evaluation which, by structured interviews and concise 
questionnaire forms, is developing data to determine: 

1. Effect of identified user characteristics, such as professional train- 
ing and current occupation, upon information needs; 

2* Evaluate two specific services of WRSIC, the Selected Water Resources 
Abstracts publication, and the Selective Dissemination of Information service; and 

3. Evaluate other kinds of information services, and the willingness of 
potential users to pay for these services. 



1/ W. E* Johnanningsmeier et al. Analysis of serials related to water resources , 
Wolfe Research and Development Corp*, Wash., D*C*, March, 1969. Available as 
PB185-706 from the Clearinghouse for Federal Scientific and Technical Informa- 
tion, Springfield, Va. 22131 at $3 per copy, microfiche 65c. 
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One thousand five hundred twenty-nine (1,529) In educational Institutions, 
Federal, state and local governments, private consulting engineers and contractors 
have been either Interviewed or been recipients of one-page questionnaires. Results 
obtained from Interviews and questionnaires will be provided In the final report 
scheduled for the end of calendar year 1969. 

(c) Systems design for Integrating the water resources subject related ab- 
stracts produced by certain discipline-related abstracting services, such as Chemi- 
cal Abstracts, Biological Abstracts, and Engineering Index into the WRSIC system! 

A WRSIC supported consortium study by BioSclences Information Service, Chemi- 
cal Abstracts Service, and Engineering Index, Inc., was completed during the year. 

This study described alternative systems for Identifying, segregrating, and re- 
formatting water resources related abstracts produced by these major secondary 
abstracting services, so that these abstracts could be made more effectively a part 
of the WRSIC system and reduce possible duplication from other WRSIC sources. 
Recommended alternatives are being evaluated by the WRSIC staff. 

Continuing Services 

(a) Water Resources Research Catalog, vol . 4: 

The Center supported compilation of the largest to-date Water Resources 
Research Catalog , Issued in August, volume 4 lists 4,501 research projects that 
are being carried out by 5,749 investigators in 781 Institutions with the financial 
support of 320 organizations including 289 non-Federal. 

The latest volume was composed entirely by computer programs, which had been 
adapted to compose the pages electronically. An example of typographic versatility 
of this process is the Subject Index representing a marked departure from the format 
employed in previous volumes* 

(b) Selected Water Resources Abstracts 

Selected Water Resources Abstracts -- a semimonthly documentation periodical 
produced by WRSIC has had its first full year of production in Its new format and 
frequency* From the limited distribution to an initial group of Federal agencies 
and their grantees, circulation of the Abstracts has risen to include all 50 States, 
Puerto Rico, Guam, and 9 foreign countries. To make the Abstracts available also to the 
public, this publication may be obtained from the Clearinghouse for Federal Scienti- 
fic and Technical Information, Springfield, Virginia 22151 (CFSTI) at $22 and $27*50 
annual subscription prices, respectively, for domestic and foreign subscribers. 

The Abstracts has grown from 1,403 citations listed in 1968 to 10,300 in 1969. 

In terms of digestion and compression of printed output of original papers for 
quicker scanning, an estimated 155,000 pages of published research cited in the 
Abs tracts during the year were displayed on less than 1,400 pages or less than 1 per- 
cent of the original number of pages. 

The category, Water Resources Planning, provided one example of the growing 
subject matter, author, and organizational diversity. Documents in this category 
rose from 150 in 1968 to 720 In 1969, being authored in 1969 by Individuals affili- 
ated with 300 colleges and universities, 95 Federal agencies, 25 State agencies, 
and 75 foreign institutions. 

The annual cumulated indexes to the semimonthly Issues In 1969 make it possible 
to search and locate information from 77,000 different access points including 
45,000 subjects or topics, 22,000 authors, and 10,000 organizations. 

(c) Selective Dissemination of Information 

A Selective Dissemination of Information (SDI) system in card form, based upon 
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technical information profiles of almost 1,000 recipients, was being furnished 
through the facilities of the Bureau of Reclamation in Denver by the end of June 
1969, Fiscal year 1970 funding levels forced a reevaluation of program priorities 
and cos 1 8 1 so that upon the basis of expected customer level and high customer unit 
costs, furnishing of this service was deferred with the last announcement cards 
reaching recipients in September, 1969. 

New Publications 

( a ) Heated Effluents and Effects on Aquatic Life with Emphasis on Fishes ; a 
bibliography by Edward C. Raney and Bruce W. Manzel, Cornell University, Ithaca, 

New York, April 1969. 

This publication, which was cooperati /ely supported by the Philadelphia Elec- 
tric Company, the Water and Marine °esource. Center of Cornell University, and the 
Office of Water Resources Research, provides a third and expanded edition of work 
begun by Dr. Raney in 1966. The present edition has 1,870 citations arranged in 
permuted key words of the title sequence with numbered cross references to the 
second section, which contains the complete bibliographical entry arranged alpha- 
betically by author. 

(b) Selected Urban Storm Water Runoff Abstracts ; by the Franklin Institute 
Research Laboratories for the Federal Water Pollution Control Administration, was 
published for the WRSIC and FWPCA as WP-20-21 of FWPCA f s Water Pollution Control 
Research Series by the Clearinghouse for Federal Scientific and Technical Informa- 
tion . 



This publication, which is a compilation of abstracts with subject, author, 
and corporate agency indexes, covers the subject areas of urban runoff, storm water 
discharge, storm sewers, and combined sewers. Its contents represent and update an 
expansion of an annotated bibliography issued in April, 1966, by the Cincinnati 
Water Research Laboratory. The work was performed by Franklin Institute under con- 
tract for the FWPCA. It is published in this edition as specialized subject 
abstract form, and in the format of Selected Water Resources Abstracts . 

(c) Metropolltan^Water Resources Management ; a state-of-the-art and literature 
review by Dr* John R. Sheaf fer, Center for Urban Studies, University of Chicago, 
Chicago, Illinois, September, 1969. 

This report seeks to delineate the interest area of metropolitan water re- 
source management, and in so doing provide an assessment of the current state-of- 
the-art. Being a broad subject, and one which Is relatively new, it was found that 
there did not appear to be a general consensus as to what the scope or emphasis of 
metropolitan water resource management should be. 

In an effort to identify the interest area more clearly, a three-phase pro- 
gram was undertaken. The first phase involved delineation of the subject area on 
theoretical grounds. Thi3 phase was based on academic viewpoints presented in the 
literature that sought to clarify this broad management effort. The second phase 
involved an identification of the subject area by expert opinion. Here, people 
active in the field -- consultants, govermental officials, and university research- 
ers -- were called upon to present their views regarding their efforts in metro- 
politan water resource management. The third phase involved the identification of 
an empirically derived subject area. Inputs in this phase resulted from an analysis 
of plans and reports that have been prepared for metropolitan areas. It is, in 
essence, an internally derived definition. 

The three-phase approach used in the report accomplishes two purposes. First, 
it identifies what researchers believe should be involved in metropolitan water re- 
source management -- a normative delineation. Second, It presents the interest in 
terms of what persons participating in the field are saying and doing -- a 
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descriptive delineation which Is based on the assumption that metropolitan water 
resources management is what people Interested in the management of water In metro- 
politan areas do. The differentiation between what Is articulated and what Is 
written permits one to approach the descriptive delineation from two perspectives. 

A systematic comparison of results obtained from the three approaches makes it 
possible to identify any common grounds that may exist regarding the Interest area 
of metropolitan water resource management. 

CWRR Response to Recommendations of 1968 Special Advisory Panel 

The special advisory panel, convened In November of 1968 to advise on opera- 
tions of OWRR, Is named on page xxl of the 1968 Annual Report. Its report and 
recommendations are given In full on pages xiil - xx of the 1968 report. 

The 1968 panel*s recommendations are presented In condensed form here to save 
space, and are underlined for clarity. OWRR's analysis of progress toward fulfill- 
ment of these objectives follows each suggestion. 

Budget 

PURR. In fiscal year 1970, ouaht to be funded in the full amount authorized by 
the 1964 Act . 

Although there was no Increase in the FY 1970 appropriation over the previous 
year, there has been widespread and growing recognition of need for Increased funds. 
The Universities Council on Water Resources, as veil as other organizations and 
distinguished individuals, have expressed concern that expanding research demands 
require additional OWRR support. 



Repor ts 

Future OWRR annual reports should Include a comprehensive "overview" statement 
on water resources activities . 

The wisdom of this recommendation has been recognized In the 1969 Annual Report 
under the section on "Administration and Coordination at the National Level" which 
Includes discussions on use of consultants, cooperation of Government agencies, over- 
all coordination, committee activities, and advice from the State institutes. 

Manpower 

Factual Information and analyses are reoulred on personnel needs In wate r 
resources work * 

This Is an extr^ely difficult subject to analyse. To develop a good basic 
understanding, CWRR hat obtslned the services of an experienced consulting organi- 
zation, Surveys and Research Corporation. This research, being financed as s Title 
It project, consists of a pilot study with the objective of developing a methodology 
for estimating supply, utilization, and demand dimensions of trained manpower In the 
water resources field* Specific consideration Is being given to) (1) development of 
a usable classification of water resources activities; (2) identifying principal 
employe.* S of trained personnel; and (3) forecasting future demands for personnel. 

Fubllc Information 

CWRR should add to Its staff an ."editor »vr Iter 

This has been accomplished. A former Journalist, with long experience In pub- 
lic information affairs, has Joined the staff* Ha Is presently engaged In studying 
procedures for more effectively disseminating research results. 
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The PURR annual report, or a summary of It, should be dlstrl * ed to a broader 
audience . 



Another activity being undertaken by the new staff editor -writer is prepara- 
tion of s> condensed and popular version of the 1969 Annual Report for wide circula- 
tion to the ever-increasing numbers of persons Interested in the Nation's water 
problems • 

The idea of an OWRR-untvers lty extension service should be pursued vigorously . 

Pursuant to a resolution on this subject from the Universities Council on Water 
Resources, the matter was brought before the Committee on Water Resources Research. 
In additionj the idea has been discussed in some detail with representatives of the 
National Association of State Universities and Land-Grant Colleges. The Chairman 
of the Water Resources Committee, Chancellor Daniel G. Aldrich, Jr., University of 
California at Irvine, has been especially helpful in these considerations. 

Meanwhile, Associate Director Eaton Is serving as Chairman of an ad hoc 
convnittee of COWRR to examine the problem. In Its first report, the committee 
covered various significant points — including target populations, kinds of infor- 
mation Involved, pertinent activities currently in effect, and special problems — 
and made initial recommendations as to action required. 

Further, as mentioned In the Panel's report, careful attention was given the 
Idea at the Fourth Annual *'ater Resources Research Conference of State institute 
directors, other Interested research personnel, and administrators which was held 
in Washington, D.C. late in January 1969. A major focus of the Conference was on 
transfer of research results. 

PURR jg encouraged to Initiate seminars or workshops on questions of locator 
r egional Interest. 

To date, funds have not been available to enable CWRR's direct sponsorship in 
this type of activity* Under Title I of the Act, numerous Institute directors have 
effectively taken the initiative in arranging for conferences and symposia on water- 
related natters of local, and to some extent regional, interest. For example, three 
workshops were conducted i’n North Carolina on the subjects oft agricultural water 
problems, effect of charges on municipal water consumption and waste disposal, and 
on flood plain management. 

QWRR should take the Initiative In arranging, jointly with public and, private, 
agencies, periodic national meetings . 

As previously stated, budgets thus far have not allowed for expenditures of 
the magnitude required for such sessions; hewevtr, a start has been made in this 
direction. For example, OWRR collaborated with the Center for Urban Studies, Uni- 
versity of O tcago, in sponsorship of a two-day seminar on Metropolitan Water 
Resource Management/' This type of endeavor will be stepped-up as means to do so 
become available. 

Study should be stipulated on hew the provision of Incentives can encourage 
application of cost-saving research results . 

It is clearly recognised that scientific lnfotmatlon esn and does contribute 
to the capability for dealing effectively with water resources problems, especially 
as these problems grow in magnitude, complexity, and urgency. While it has not yet 
been possible to devise the means for provision of incentives to assure application 
of research results, a first step has been made in a study for CWRR directed by 
Mr. Harvey Banks, Chairman of the Leeds, Hill, and Jewett organisation* The initial 
report on this work has been received and distributed to each institute director for 
review and comment. The teport gives principal attention to needs of State and 



local water officials and related consulting engineering personnel for improved 
cormunlcatlon of scientific and technical Information* 

Needed Research 

More needs to be known about water resources management systems * 

A number of research projects are underway in the field of water resources 
planning and management. Some of these have been selected for description in other 
parts of this report. OWRR, recognizing that decision-making with regard to water 
resources management faces large and complex issues in adoption of plans and pro- 
grams that will effectively and economically advance toward appropriate objectives, 
will continue its sponsorship of research in this area. 

OWRR rhould support research on water system preconstruction functions, in* 
eluding comparative studies of single or multiple firm handling of both precon- 
struction phases as well as construction work itself* 

This is an area of activity which has been left to agencies with wat*r re- 
sources construction and development programs* While it has not as yet been 
possible for CWRR to mount a substantial research effort on the subject, it is 
timely for consideration as part of long-range program planning deliberations now 
taking place in the FCST Committee on Water Resources Research. 

Support should be Riven to research directed at achieving least-cost 
solutions through use of cost-saving technologies in construction of water systems * 

Response to this point must be the same as that immediately above* There is 
no denying the critical Importance of cost efficiency* It should be possible to 
Include pertinent research in our plans for Increased emphasis on metropolitan 
water management problems. 

There should be concerted attention to research on opportunities for Federal* 
State water resources development to advance the Nation’s high priority social goals * 

Top priority has been accorded this item under two of the major subject areas 
identified by OWRR for Title 11 research support in fiscal year 1971* For example, 
attention is directed to the need for research on problems associated with multiple 
jurisdictions in metropolitan and regional water resources planning and management* 
Also, under another priority research subject, consideration is requested for such 
problems as how institutional arrangements affect the role of the private sector in 
water resources development needs and how the socio-economic water system should be 
analyzed in order to underatand how the private sector responds to alternative water 
management Institutions* 



Regional Research Development 

CWRR should continue to assist and encourage the comcaonallty of Interests 
through regional directors 1 meetings . 

As recognised by the Panel, OWRR holds an annual institute directors 1 confer* 
ence early in each calendar year to encourage the desired close working relation* 
ships* Further , each OWRR staff scientist is assigned "geographic area 11 monitor* 
ship responsibilities for a particular regional block of atates so that he may 
assist in promoting mutual interests among then* 

Although it has not been possible to devote CWRR funds to regional conferences 
of the directors, encouraging progress has been made through formation of a "State 
Research Centers A< \ Hoc Steering Committee" which has served to help provide plan* 
nlng guidance* Also, by means of individual Initiative, the eleven contiguous 
western states have organised a 'Western States Institute Directors Association!" 
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and thirteen eastern states have formed the 'Northeast Association of Water Re- 
sources Research Institute Directors. " Thes i and other similar groups, such as the 
''Midcontinent Research Directors are discussed in another section of this report. 
OWRR will continue to encourage their activities. 

Federal-State Relations 

CWRR and the State Water Resource Centers ought to develop strooRer channels 
of liaison with river basin commissions and similar organizations . 

An encouraging start has been made in this direction. The directors in Mass- 
achusetts, New Hampshire, Vermont, Connecticut, Rhode Island, and Maine have associ- 
ated themselves in "The New England Council of Water Center Directors" which has 
already established effective working relationships with the New England River 
Basins Consuls sion ♦ The latter body has been authorized to cooperate with the Coun- 
cil in sharing expenses of a regional research coordinator for implementing future 
coordinated regional research programs. The feasibility of employing such a coordi- 
nator in order to optimize multi -university regional efforts is the subject of a 
fiscal year 1971 Title II proposal from a principal investigator at the University 
of Rhode Island on behalf of the Council. 

The matching grant program should be utilized to encourage Involvement and 
support of the States In the formulation of projects and policies on new technolo- 
ale*. 



The matching grant program is initiated at the State level and is developed by 
each water research center director. Involvement and support of the States is in- 
herent in the organic Act which requires that at least 50 per cent of the support 
for such projects must come from non-Federal sources. Response has been excellent 
from the outset and has been Increasing each year for the limited amount of Sectlor 
101 funds. A number of research proposals dealing with new technologies concerned 
with solutions to urgent national problems have been approved for support. Findings 
thus far achieved In some of the more promising of these are reviewed in Part I of 
this report under the section entitled "Research Findings and Their Application to 
Water Problems." Excellent instances of state enthusiasm are to be found In 
Pennsylvania where a research project is receiving financial support from the State 
Departments of Commerce and Forests and Waters. In Wisconsin, work begun under 
Title II is continuing under Section 101 with substantial State dollar-contributions . 
There are numerous similar examples. 

The State Water Resource Centers could help improve communication with thei r 
State government a by pointing out the benefits from active participation In and 
support of the CWRR program . 

This action, of course, lies with the Center directors. It la encouraging to 
observe that comunication at the State level is improving substantially each year. 

An outstanding example, of the many that could be cited, is New Mexico. Dr. H. R. 
Stucky, director of the Water Resources Research Institute at New Mexico State 
University, each year is instrumental in arranging a New Mexico Water Conference 
which receives wide recognition among State legislators. Visible evidence of 
support for the Institute's water research program is a new building to house these 
activities, constructed with a State appropriation, soon tJ be completed on the 
Lea Cruces campus. 



Evaluation 

Review panels should be established to appraise the quality of funded research . 

To accomplish thia objective, OWRR ha a stepped-up use of individual authorities 
in revli v >f selected research projects. Thus fsr, it has not been possible to 
convene an entire panel for this purpose but consideration is being given the idea. 
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First, it seems advisable to evaluate results of an expanded "state-of-the-art" 
and '’critical review” effort now underway* These activities are covered in detail 
elsewhere in the report. 

Continued emphasis should be placed on M state-of-the-ar t n reviews . 

This is being done along with the addition of "critical reviews” of research 
accomplishments. This provides greater depth to the evaluation process by obtaining 
not only extensive literature searches and reviews by professionals concerned with 
water resources, in general, but also receiving the benefit of recognized authori- 
tative Judgment as to specific needs, desired goals, objectives, and priorities for 
additional research in a particular subject area. 

A summary review should be published covering the first five years of the CWRR 
program, together with an agenda of high-priority problems. 

Program accomplishments and planning for the future are a continuing function 
bui publication of a five-year document has not yet been undertaken owing to the 
substantial manpower and cost Involved. As a necessary first step, CWRR has parti- 
cipated in three recent program review deliberations of the Federal Cotmlttee on 
Water Resources Research, namely: (1) A special three-day session comprised of com- 
prehensive, analytical presentations by each member agency covering existing and 
proposed future research activities; (2) preparation of the soon-to-be released 
annual report of the Committee which will emphasize accomplishments and indications 
of need for change in emphasis during the first five years of CCWRR's existence; 
and (3) preliminary considerations in the process of updating the long-range plan 
for Federal water resources research* When COWRR has completed these actions, or 
at least has made substantial progress on them, OWRR will be In a better position 
to proceed effectively on the Panel 1 * recommendation. 

Technology Transfer 

The Federal Council for Science and Technology/Conulttee on Water \ ^sources 
Research has called attention to the need for more effective dissemination of water 
resources reseirch results and, through an ad hoc assignment , it is exploring the 
basis for a cooperative program* An interim report adopted by CCWRR broadly out- 
lines the nature of the problem and certain initial Issues that should be resolved 
through discussions among representatives of the academic institutions, Federal and 
State agencies, and others, including practicing professionals and their organisa- 
tions Such discussions to date have explored common concerns and means for pro- 
ceeding* 

The CCWRR Committee reported need for Improved die* initiation of water resources 
research results* The greatly increased magnitude, complexity, and diversity of 
water resources problems and professional involvement in dealing with them create 
new needs for access to scientific and technical knowledge that are not adequately 
met through existing communication channels* The report points out I 

’In recent years, there has been greatly Increased attention to 
activities that are ne* in their technical aspects and professional 
involvements* Water resources planning, water quality management 
and pollution abatement, water resource management in metropolitan 
environments, management and protection of estuarine areas, l'Ves, 
and marshlands, management of heat rejected by thermal -electric gen- 
erating plants sre some examples of water resource activities that 



1/ Dissemination of Water Resources Research Results. December 18, 1968, Interim 
Report of the Ad Hoc Committee* adopted by FCST/COWRR December 2$, 1968. 

Office of Science and Technology, Washington, D.C* 
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involve physical, life, and social scientists and engineers. Tech- 
nical (and social) aspects of these problems and of proposed solu- 
tions are of concern to professional personnel of Federal, state, 
and local governments and of private enterprises. Properly in- 
formed consideration of an action on such matters requires ready 
access to the results of research - 'ready access 1 being defined 
to Include availability of technical (and social) Information In 
form that is comprehensible and usable by competent practicing 
professionals who may not be research specialists. 11 

Closing an Information gap Is a two-way proce$s--both the generator of Informa- 
tion and Its receptor must be actively engaged In the process. Often, however, 
initial Impedance may be so great that communication Is Ineffective without pro- 
vision of special aids, and this seems to be widely true for research-practitioner 
communication In the water resources field. Four kinds of action can reduce Initial 
Impedance : 

1. Identifying scientific Information potentially slgnlf leant for problem- 
solving. 

2. Repackaging such scientific information for ready comprehension by 
practitioners and other decision-makers. 

3. Providing means of coc.inunlcat Ion designed to facilitate ready access 
and use by both the generator and the recipient of such repackaged 
Information. 

4. Facilitating feedback that will alert researchers to the scientific 
information needs of those involved in resources decisions and actions. 

Three activities are reported here which are considered significant, prelimin- 
ary steps towards closing the information gap: 

(a) Universities Council on Water Resources (UCOWR) , in its 1968 Annual Meet- 
ing, passed s resolution to authorise CWRR and the universities to develop an 
adequately financed program for interpretation and dissemination of research find- 
ings as follows: 

WHEREAS, there is a growing shortage of scientists and technicians 
in the entire field of water resources, and, 

WHEREAS, there is also s rapid build-up of research information at 
the universities as the result of the expanded overall water research 
program, which information Is not being transmitted to the user public 
as rapidly as desirable, and, 

WHEREAS, the training of scientists in the colleges of agriculture 
as financed by matching-grants to land grant universities, and the dis- 
semination of research information through an extension service has been 
extremely effective, and, 

WHEREAS, this same concept has recently been endorsed by the Congress 
of the United States through matching -grants under the Sea Grant College Act. 

HOW, THEREFORE, EE IT RESOLVED, that the Universities Council on Water 
Resources encourage passage of similar authorisations to the Office of Water 
Resources Research, and the universities, for the development of adequately 
financed funding and extension matching-grant programs in water resources. 

(b) A Plan for A Comprehensive Veter Resources Research Exchange Cyaten. 

Last year’s report described in some detail the nature o! the contract between 




*9 



OWRR and Leeds, Hill and Jewett, Inc., to develop a plan for dissemination of re- 
sults on water resources. These recommendations are currently being studied b / 

OWRR and the 51 Institute Directors with a view toward Implementation as soon as 
personnel and funding limitations permit. 

(c) Fourth Annual Water Resources Research Conference. 

Although this Conference Is reported on elsewhere In this report, a major 
theme of the Conference concerned information transfer. It Is appropriate, there- 
fore, to consider here the significant* relevant ideas on this subject that emerged: 

Dr. Ralph Stucky of New Mexico presented the Resolution on Public Education 
adopted by the Universities Council on Water Resources (UOCWR) at Its annual meet- 
ing In July I960. Dr. Stucky also urged that universities make greater use of 
seminars, conferences, and short courses to disslmlnate Information and prepare 
publications designed to stimulate Interest In water resources among students at 
the primary and secondary school level at the time they are planning for their 
careers and studies in colleges and universities. 

Mr. E. D. Eaton, Associate Director of the Office of Water Resources Research, 
sunxnarlzed the report of the ad hoc committee established by the Committee on Water 
Resources Research (CCWRR) of the Office of Science and Technology for the purpose 
of defining the scope and dimension of the problem and recommending a position and 
course of action for OOWRR to take relative to the UCOWR resolution. In the ad hoc 
committee report it was recognized that new water problems and programs have created 
new scientific Information needs of Information users not heretofore considered to 
be concerned with water resources research results and that new means would have to 
be developed to meet those needs. The report further recommended that OCWRR provide 
for collaboration among concerned Federal and State agencies and academic and other 
of ganlzatlons In developing a mutually accepted basis for cooperative action. The 
subject report was approved and adopted by CCWRR and the ad hoc connlttee was In- 
structed to explore means for reaching agreement with the several Interests -- 
UOCWR, National Association of State Universities and Land Qrant Colleges, tuch 
State agencies as have Indicated an Interest and willingness to participate, pro- 
fessional organizations, and others -- leading to an agreed*upon basis for coopera- 
tive action. An exchange of views, hopefully leading to this objective, Is now 
underway. 

Mr. Walter M. Newman of the New England River basins Commission presented a 
paper on "Closing the Cap Between Research Results and Application. 11 In this paper, 
it was emphasized that research efforts be relevant and pertinent In solving today's 
water problems and that research findings be made available sufficiently early to 
Influence present decision making. One means suggested by Mr. Newman of conveying 
current research results to the planner and laplementer would be by Initiating a 
dialogue among researchers, planners, engineers, etc., by means of a "think tank" 
established at water resources research centers. 

Mr. Harvey 0. Banks of Leeds, Hill and Jewett, Inc., presented s progess report 
on en Investigation Ms firm was conducting for the Office of Water Resources Re- 
search on "Research Information Exchange Systems." Preliminary findings of the In- 
vestigation to date indicate that State newsletters containing brief notes on rs- 
search findings would be highly welcome by practitioners. The second most popular 
suggestion for disseminatin'* research results was found to be en automatic distribu- 
tion of completed research reports. Others means of dissemination of Information 
suggested by the investigation Included: CWRR and State Institute-sponsored semi* 

nars, CWRR-preparsd articles for publication In technical magazines, utilization of 
Information dissemination services of professional societies such as ASCB, AWA, 
AWRA, etc., and personal contacts between researchers and users. 

In the general floor discussion that followed, a number of suggestions were 
made to improve the effectiveness of research results transfer. Dr. John Dracup of 
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UCLA proposed wider utilization of short courses of one to two weeks duration that 
might be presented through university extension programs for the benefit of water 
resources practitioners. Dr. Don Kirkham of Iowa Statn University proposed employ- 
ment of water resources specialists in university extension programs to convey re- 
search results to users and the general public. Dr. Ben Ewing of the University of 
Illinois proposed greater use of the state-of-the-art paper as a means of reaching 
a wider audience than the short course approach. Dr. William Butcher, then of the 
University of Nevada, suggested more person-to-person contact between specific users 
and researchers during both the research planning and prorecutlon stages. Dr. David 
Allee of Cornell University encouraged greater use of educational television to 
reach large public audiences, and Hr, Walter Newman of the New England River Basins 
Commission suggested a screening process to determine what research results have 
sufficient practical application to warrant being carried forward to the pilot plant 
stage that must precede final application, 

CWRR Role In Metropolitan Area Water Problems Research 

Water scientists, engineers, and planners need to npply some fresh thinking on 
ways to plan, develop, and manage effectively available water supplies and discharg- 
ed waste waters In the urban complex. The increasing concentration of people in 
metropolitan areas with their enormous accretions of wastes, traffic, business, 
Industry, and recreation needs intensifies the demand on our water resources which 
are essentially fixed in quantity and degrading in quality. What must be done Is 
to make our urban centers more livable, attractive, and economically viable. Clean 
water In ample supply for domestic, commercial, industrial, and recreational uses 
can be a significant factor in realizing this goal. 

In his news release of July 31, 1969, Secretary Kickel directed OWRR to give 
top priority to improvement of water resources management in metropolitan areas of 
the Nation, Both Secretary Hlckel and Assistant Secretary Klein stressed the 
necessity of efficiently and economically meeting water -related requirements if ve 
are to succeed in Improving the environment of our cities and urban areas. A 
planned program prepared In consultation with technical specialists in urban water 
research and practice will be reviewed and discussed in late 1969 at a national 
conference of experts to assure the program's technical and practical soundness* 

Our 1968 report mentioned a few examples of metropolitan water research proVvsto 
being supported under CWRR's Title I and Title II programs. Several additional 
illustrations will describe the vide scope of studies in this field. 

Professors Leonard Zobler and George W. Carey of Columbia University and their 
associates completed their investigation on benefits from integrated water manage* 
sent in the New York metropolitan region which has a water network of over 400 
separately managed agencies. Results are described in more detail in Part 1 of this 
report. The Battelle Manorial Institute has begun research in the Cleveland area in 
the evaluation of urban core usage of waterways and shorelines. A two-year study at 
Cornell University involves a systems analysis of metropolitan water resources. 
Research is continuing at Purdue University as to the effects of urbanisation on the 
hydrology of watersheds. Work is underway at the University of Washington on com- 
prehensive planning for urban storm water removal. A novel approach by the Universi- 
ty of Chicago considers water as a potentlsl organising concept in urban regions. 

In September, 1968, the American Society of Civil Engineers (ASCE) issued their 
first year report, "Systematic Study snd Development of Long-Range Programs of Urban 
Water Resources Research," (C-1536). This monumental study under the direction of 
s project steering committee designated by the ASCE Urbai Hydrology Research Council 
coordinated the work of more than 130 professional water specialists representing 
miny diversified areas of experience snd training. The report is described in de- 
tail in Part 1. 

This CWRJR-aponaored study, together with a companion ASCE project supported by 
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U9GS, "Analysis of National Basic Information Needs in Urban Hydrology," will serve 
as working and reference documents in the planned intensification of research on 
management of water resources in the me tropol i tan -urban environment* 

Status of Title II Research and Suggested Priorities for 1971 

Status of Program 

Title II of the Water Resources Research Act, as amended, authorizes the 
Secretary of the Interior to make grants and finance contracts and matching or 
other arrangements with educational institutions, private foundations or other 
institutions, with private firms and individuals whose training, experience, and 
qualifications are, in his Judgment adequate for the conduct of water research 
projects, and with local, State and Federal Government agencies, to undertake re- 
search into any aspects of water problems related to the mission of the Department 
of the Interior which he may deem desirable and which are not otherwise being studied* 

In 1969, 360 research proposals representing requests for approximately $35 
million in Federal funds were received by the Office of Water Resources Research for 
consideration for support under the Title II provisions of the Act. The Congressional 
appropriation for the support of fiscal year 1970 Title II projects was $2 million* 

Of the 360 research proposals submitted, 36 projects were selected for support* 

In the projects selected for support emphasis is given to research related to urban 
and metropolitan water problems and to development and application of systems analy- 
sis to water resources problems* Eight projects deal with research related to metro- 
politan water problems, eight, with systems analysis development and application, 
and five, with water resources planning and management* In addition, other projects 
deal with the ecologlc Impact of water resources development, social objectives in 
water resources policy, and management of inland lake resources* 

Each proposal selected for support deals with a problem specifically identified 
as worthy of priority research attention by one or more bureaus of the Department of 
the Interior, by the Water Resources Council, or by the Committee on Water Resources 
Research of the Federal Council for Science and Technology* 

The 36 Title II projects approved for support in Fiscal Year 1970 are listed in 
Appendix L* Institutions, agencies or research entitles shown in parentheses follow- 
ing project titles ate responsible for conducting the described research* Example, 
of research results from Title II projects are Included in Part I* 

Suggested Priority Areas for Fiscal Year 1971 

The Office of Water Resources Research haa identified aeven major subject areas 
for primary research support in the Fiscal Year 1971 program* The goal of the 
Title II program is to encourage and support research on water resourcea problems 
receiving Inadequate attention, and to bring organizations into the program and open 
up new research approaches not effectively reached through authorizations provided 
in Title I* 

Major subject areas for primary research support in Fiscal Year 1971 emphasize 
those subject and problem areas requiring additional research attention recommended 
by the Federal Council for Science and Technology aa set forth in the publication, 

"A Ten»Year Program of Federal Water Resources Research," issued by the Office of 
Science and Technology, August 1966* Specific emphasis will also be given to prior- 
ity research subjects as developed within the Department of the Interior and relat* 
log to tha Department's broad responsibilities in the areas of water development, 
management, and protection, and to recomendationt of the special panel convened in 
accordance with the feules end Regulations to advise the Secretary of the Interior 
on operations of the Office of Water Resources Research* 
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On June 16, 1969, a public announcement was released which described major sub- 
ject areas which would be emphasized In the CWRR Fiscal Year 1971 program. Hie 
announcement contained Information and Instructions for submitting research propos- 
als to OWRR, and a copy of the list of suggested priority research subject areas Is 
shown below. 

The Office of Water Resources Research has Identified the following major sub- 
ject are^s for primary research support In the Fiscal Year 1971 program. Some ex- 
amples of specific research topics within these major subject areas are presented 
to Indicate the range of problems needing research. It Is not expected that a given 
research proposal will cover all or necessarily several of these problems. Problems 
are listed simply as examples of subjects to which research proposals may be related. 

(a) Analysis of Planning, Managerial. Financial. Operating and Regulatory 
Policies of Water Resources Institutions . Analysis of water rights doctrines espe- 
cially as they affect the process of decision making, user attitudes and water 
management practices and policies. Research is needed on problems associated 
with multiple Jurisdictions and conflicting objectives In metropolitan and regional 
water resources planning and management. Also, technological tools for planning 
water resource development on a regional or baslnwlde basis may have advanced be- 
yond our Institutional capabilities for Implementing plans. While the many conflicts, 
discussions, and negotiations Involved In finding acceptable plans are truly part 

of the democratic process, further understanding of the mechanisms of the process 
could serve to expedite the Implementation phase, thus benefiting all parties con- 
cerned. Research goals should be to provide a basis for establishment of improved 
mechanisms Including evaluation of alternative means of augmenting and conserving 
supply, for water resources planning. Implementation of plans, and to Improve 
management effectiveness through lessening of conflicts, uncertainties, and con- 
fusion among claimants to the resource. 

(b) Water Resources Policy and Political Institutions . Understanding of policy 
and Institutional problems Is Indispensable to sound water resources management by 
both the public and private sectors of the Nation. Research Is needed on how In- 
stitutional policy Is measured and what policies and Institutional arrangements are 
conducive to sound water management. Among the questions to which research could 

be directed are those Involving current policies and Institutions. The river basin 
as a water management unit needs further evaluation with respect to the compatibil- 
ity of water resources management objectives and the needs of regional economic 
development • 

How Institutional arrangements affect the role of the private sector In water 
resources development needs to be researched. A very large segment of water re- 
sources needs are fulfilled by the private sector. Comprehensive analysis of the 
socio-economic water system requires understanding of how the private sector re- 
sponds to alternative water management Institutions. Hew have Federal policies and 
alternative state tax and regulatory policies affected the private role In the 
several functional areas of water service? How have Federal and state grant pro- 
grams Influenced the use of private Investment capital In the financing of local 
water development? 

(c) Hydrologic Systems Analysis . The application of operations research tools 
such as mathematical modeling and simulation, optimisation and design theory need to 
be assessed and further explored In relation to hydrologic events and to planning of 
surface and ground water resources development. Research needs In the >rea of opti- 
misation Include a better definition of benefit functions to portray the economic 
losses Incurred during shortages In agricultural, municipal, and Industrial water 
supplies. Rainfall-runoff models applicable to large watersheds and using both 
deterministic and stochastic approaches are needed. Correlation of mean annual or 
seasonal runoff with precipitation, evapotransplration, physiographic and vegetal 
parameters would be useful In application to similar areas of sparse hydrologic data. 
Operations research ar>d Information theory techniques should be examined for 
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potential application to inflow-outflow problems in hydrology, flood routing, 
reservoir operation, data network design, automatic control and monitoring of water 
distribution systems, etc. 

(d) Urban and Metropolitan Water Resources Problems . Research is needed on 
urban hydrology and the effect of man’s activities on water. Such research should 
Include evaluation of the impact of urbanization on the frequency of flood peaks, 
reduction of low flows, decrease in natural ground water accretion, Impairment of 
water quality, erosion, etc.; and development of methodology and technology to cope 
with such problems. Knowledge of the effects of urbanization on drainage, water 
quality, stream regimen, water yield and flooding are essential to intelligent de- 
velopment and utilization of metropolitan water resources. A study of public 
acceptance of alternative sources of municipal water supply should be encouraged. 
Research is needed to define and quantify social, esthetic, and amenity benefits 
associated with urban waterfront development, location and recreational use of 
metropolitan reservoirs, and preservation, protection, and beneficial uses of marsh- 
land and estuaries in close proximity to urban regions. Research is needed on the 
effects of urban encroachment on the upstream watershed, the effects of changing 
land use patterns, the economic consequences of the conversion of irrigated land to 
urban uses and the conversion of irrigation water and water rights to municipal and 
Industrial use. Innovative approaches to water-related recreation and open space 

In the urban environment are needed. Research is needed on methods to reduce the 
cost of providing water and sewerage service to new housing. The use of r Vi thdrawals 1 ' 
as a measure of water demand can be misleading when the demand-supply balance in 
water management and planning becomes critical. A new, rigorous definition of 
"water requirements" (residential, industrial, commercial and public uses) is needed 
which will take Into account the factors of usage, withdrawal, consumption, recycle, 
returns and dilution. 

(e) Environmental Considerations in Water Resources Planning and Management * 
Increased knowledge of ecological processes and principles and intelligent use of 
ecological information can result in more enlightened resource planning and manage- 
ment and help maintain or Improve the quality of the environment for man's well- 
being. Planning and management methodologies need to be developed in the context 
of sound ecology in which man is regarded realistically as part of the ecosystem# 

The methodologies would provide for use of water and relcted resources with minimum 
degradation of the environment or, preferable, improvement of the environment. 

Questions will continue to arise regarding the feasibility and capability of 
restoring degraded environments to a more natural and more balanced state. Of what 
value is a relatively unpolluted, naturalistic aquatic area in comparison with one 
which has been enriched by man and used extensively for mass recreation or other 
purposes? What are the long-term ecologic Implications of man's use of an area? 

What criteria can be used to Judge the extent to which an area can be altered with- 
out unplanned irreversible changes made in the ecology, such as loss of a rare 
species of fish? 

Research is needed to identify and determine the ecological processes, types, 
and functioning of aquatic ecosystems with which man can live most harmoniously and 
to develop means for predicting the ecologic impacts of water development. Special 
consideration will be given to innovative, but positive and rational approaches to 
solving current problems or avoiding future water problems involving the quality of 
of the environment, whether steming from waste disposal, dredging, filling, drain- 
age, irrigation, or other water development activities. One approach might be de- 
velopment of ecosystem analysis to a point permitting incorporation of ecological 
information into engineer lig-econoulc -legal -political systems analyses. This would 
enable decision-makers to uae ecological Information in conjunction with public 
preference! and a oc lo -economic , political, and legal constraint!, and to decide 
which of several possible alternative courses of action to take. 
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(f) Evaluation of Economic Importance of Various Uses of Water » Cost Alloca - 
tion. Cog c Scaring, Pricing and Repayment # Allocation of water resources to speci- 
fic competing uses Is made difficult because market pricing techniques customarily 
do not reflect certain values which are recognized by the public In the areas of 
recreation and conservation# Study Is needed of methods allocating costs among the 
various functions of multiple purpose water resource projects# Research Is needed 
to develop alternatives to market pricing for quantifying esthetic f recreation and 
fish and wildlife benefits# Research Is needed for Improving the methods used In 
evaluating primary and secondary benefits of municipal, Industrial, and agrlcultur- 
al water uses# Also, research Is needed to Identify recipients oi: esthetic, amen- 
ity and recreation benefits, to establish methods for determining attitudes snd 
public preferences with respect to competing demands on the water resource, and the 
ability and willingness to pay for such benefits# Currently, economic analysis con- 
centrates heavily on engineering data; no satisfactory way has been developed to 
Introduce social, esthetic, cultural and similar costs Into the economic analyst# 
Research efforts directed to this problem would be beneficial to both planners and 
resource managers# 

(g) E valuation of Social Objectives in Water Policy # Benefit-cost analysis 
Is the principal tool for analysis of public Investment programs, Including water- 
shed and water resources programs# It ranks projects and programs only In terms of 
economic efficiency# Research Is needed to determine appropriate alternative ob- 
jectives and to develop methods to evaluate the benefits In relation to costs for 
the different objectives, such as alleviation of poverty, Improved distribution of 
population, environmental quality, and other social values# 

Use of Consultants 

Ecological Considerations In Water Resources Management# 

Improved techniques for predicting the response of water-related biological 
communities to nan-induced environmental change Is essential to planning for sound 
resource use# Unwanted side effects from water -development projects snd from In- 
creased Industrialisation and urbanisation are growing more familiar every day# 

Yet, reliable prediction techniques that would allow us to forestall or mitigate 
adverse effects are wanting. 

With severe competition for funds among the many pressing water resources 
problems, It Is Imperative that the limited allocation oi: WRR funds for ecologlcsl 
research be brought to bear on selected aspects of the problem which can contribute 
to bitter water management . 

As part of continuing effort to bring theae needs Into sharper focus, arrange- 
ments were made In June, 1969, with &r. Eugene P# Odum, Director of the Institute 
of Ecology, University of Georgia, to prepare a report for OWRA on the subject! 
Ecological Considerations In Water Resources Management. Dr# Odum Is an Interna- 
tionally known expert In the field of aquatic ecology# His report Is scheduled for 
delivery i,t December 1969. 

This report will include an Introductory section to develop, In a broad way, 
and In terms understandable to Informed laymen and administrators, how ecological 
considerations and methodologies can contribute to enhancing effectiveness of 
management of water snd related resources In an Increasingly urban snd Industrial 
society. 

It will then Identify snd give priorities to researchabie, ecology-related 
subjects that now appear promising areas for Increased attention snd emphasis to 
provide knowledge needed for Improving water resources management# 

It will include recomendatlons as to measures under the Water Resources Re- 
search Act that might be talea to aid in bringing about needed Increases In research 



identified above, taking Into consideration present and projected research programs 
of other Federal and non-Federal agencies. 

A General Assessment of Systems Engineering as Applied 
to Water Resources 

In June, 1969, a contract was signed with Environmental Dynamics, Inc*, Los 
Angeles, California, Dr. John A* Dracup, principal investigator. The objective of 
this contract is to provide an assessment of the current state of the art in de- 
velopment and application of systems analysis and operations research in planning, 
design and operation of water resource systems. This assessment will involve 
analysis of the total water resource system and each of its sub-systems, and objec- 
tives, constraints and functional areas of the total system. Each of these com- 
ponents have, to some extent, been analyzed using techniques of systems analysis 
and operations research. This assessment will stipulate where techniques of systems 
analysis and operations research have been utilized in the analysis of each of these 
components and where additional research is required. Typical systems analysis 
techniques which have been applied to water resource systems include simulation, 
probability theory, stochastic processes, statistics, game theory, queuing theory, 
mathematical programming techniques of linear, non-linear and dynamic programming, 
and multi-level optimization. 

Analysis of water and water -rela ted research requirements in the Creat Lakes Region 

In 1968, we identified kinds of studies in the Great Lakes region recommended 
in the contract report by the Committee on Institutional Cooperation (CIC), a con- 
sortium of 11 major universi ties in the mid-West. The CIC study group examined 
research needs and methods conducive to comprehensive water management and related 
development in the Great Lakes Region. Region, as defined in the report, includes 
both drainage basin and the influenced service area. In its consideration of 
methodologies useful in attaining effective water management and development, the 
study group placed special emphasis on applications of systems analysis and model- 
ing. 



A modest start has been made in the utilization of the systems approach to 
Great Lakes research. Professor Rolf A. Deininger of the University of Michigan, 
for example, has initiated OWRR- supported research evaluating deterministic and 
stochastic mathematical models for control of the water supply and lake levels. The 
purpose is to determine optimal operating strategies, taking into consideration 
shoreline, navigation, and power interests. Ohio State University scientists are 
studying the western basin ol Lake Erie employing systems analysis to link on-shore 
economic relationships with in-lake ecological conditions. Begun in FY 1969, this 
study will develop mathematical models for two major subsystems. These are the 
economy of the Detroit-Toledo metropolitan area and the in-lake ecological subsystem. 
Linkages between these subsystems are envisioned as mainly the pollutants and the 
resulting water quality. 

At Michigan State University, research by Professor Marvin E. Stephenson con- 
cerns development of suitable models which will quantitatively describe physico- 
chemical, biological, and economic sectors of water resources management within the 
Grand River system, a major watershed of Lake Michigan. 

Beginning in FY 1970, the University of Illinois in cooperation with the 
Illinois State Water Survey is undertaking a study of the hydrology for models of 
the Great Lakes. This matching grant project will provide a means for determining 
effects on lake levels as a consequence of changes in any of the hydrologic factors 
resulting from management programs. 

Seminars and Meetings 



During the year, OWRR sponsored or participated in seminars and symposia focusing 
on critical water resources problems or significant research efforts. These 
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presentations and meetings have proven to be effective media for keeping OWRR's 
professional staff up-to-date in technical fields, in addition to providing an 
equally valuable service for participating personnel from other Federal and state 
agencies, and non-governmental research organizations. These meetings also contrib- 
ute very significantly in coordination and cross-fertilization of related research 
done by other agencies, sharpens the acuity of particular research and serves to 
make OWRR's research maximally responsive to the broad spectrum of needs of the 
Federal water resource community. Some examples are as follows: 

Systems Simulation for Management of a Total Water Resource 

On April 2, the Texas Water Development Board and its subcontractor Water 
Resources Engineers, Inc. made a presentation of the progress, problems, and pros- 
pects of Project C-1377, "Systems Simulation for Management of a Total Water 
Resource." The conference drew participants from 10 Federal agencies, several 
university professors, representatives from private, industrial and research firms, 
and the technical staff of OWRR. This presentation was not only informative but 
evoked stimulating discussion and exchange of ideas thus providing valuable feed- 
back for enhancing the research effort. 

Analytical Problems and Systems Related to the Assessment 
of the Nation's Water Resources 

On February 28, OWRR and the Water Resources Council jointly sponsored a semi- 
nar on Analytical Problems and Systems Related to the Assessment of the Nation's 
Water Resources. The focus of this seminar was a presentation by Arthur D. Little, 

Inc, of their progress on an OWRR -supported research study of required data and 
analytical tystems for preparing national water assessments (Project C-1415). 

Representatives from virtually every Federal water resources agency attended 
this seminar, making valuable contributions in the discussion periods. A follow-up 
symposium was conducted on March 13 to refine and consolidate items not adequately 
resolved at the previous seminar. 

Transport and Dispersion of Water Pollutants 

On February 14, Hydronautics of Laurel, Maryland, made a presentation of the 
progress and prospects of their research project entitled "Experimental and Theoreti- 
cal Study of the Hydrodynamics of Dispersion in Rivers and Estuaries" (Project C-1290). 
Attendees included OWRR staff scientists and interested personnel from the U, S. 
Geological Survey, Federal Water Pollution Control Administration, Army Corps of 
Engineers, and Maryland Water Resources Research Center. 

This presentation provided an excellent forum for discussing the present state 
of theoretical and practical knowledge fundamental to predicting effects of pollut- 
ants in terms of their patterns of dispersion from sources of pollution* 

Utilization of Physical and Mathematical Models in Marine Water Resources 
Research and Management. 

Dr. William Hargis, Jr. , of the Virginia Institute of Marine Science and four 
members of his staff gave a seminar in the Interior Building December 5, 1968, for 
OWRR and interested representative? of several other Interior Bureaus* 

The presentation covered progress and results from the CWRR-supported research 
jt» the improvement of mathematical and hydraulic modeling with respect to Chesapeake 
Bay and some of its principal tributaries, especially the James River. 

Generalized Analysis of Small Watershed Responses 

In continuance of established OWRR policy, on September 22, Dr. Jaime Amorocho 
of the University of California at Davis conducted a technical seminar on the 
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subject "Generalized Analysis of Small Watershed Responses." Approximately 40 
scientists and engineers from several agencies attended including the Bureau of 
Public Roads, Corps of Engineers and the Organization of American States. Dr. 

Warren A. Hall, incoming Chairman of the Committee on Water Resources Research of ^ 
the Federal Council for Science and Technology, participated actively in the open 
discussion. Dr. Amcr^cho has been principal investigator on several CWRR-sponsored 
research projects. This year he is on sabbatical leave from the University under 
an appointment with the Water Resources Division of the Geological Survey. 

Soil Water Movement 

On October 22, 1969, Dr. Dale Svar tzendruber of Purdue University spoke before 
an audience of interested representatives from Federal agencies on "The Movement of 
Water into and through Soil." Professor Swar tzendruber, a soil physicist, has 
specialized in laboratory and field research on the quantification and prediction 
of infiltration rates from measured soil properties and soil-water content. His 
studies of the infiltration phase of the hydrologic cycle under the allotment and 
matching grant programs have included the dynamics of water flow through surface 
crusts or seals and the role and importance of electrical Gtreaming potentials in 
influencing water infiltration into soil. 

Institute Problems 



Part 506.5 of the Rules . Regulations of the Act calls for a summary of ad- 
vice and comments pertaining to needs and problems of the program as expressed by 
the State Institute Directors in their annual reports. As in previous years, 
certain problem areas are of widespread occurrence. These are (1) inadequate 
matching funds, (2) lack of graduate students, and (3) inadequate socio-economic 
research. 



Inadequate Funds 

A continuing problem for many institutes is the inability to secure adequate, 
non-Federal money to match Federal funds under Section 101 of the Act. As a result, 
many worthwhile proposals from universities with the capability to make a signifi- 
cant contribution towards the solution of serious water resources problems are not 
submitted. Illinois, Indiana, West Virginia, New Hampshire, Colorado, Nebraska, 

New Mexico, and Tennessee list this as a major problem. 

In addition, several States *ace a problem in the allotment program due to 
spiralling research costs and a fixed support base - Illinois, Wyoming, Alabama 
noted this as an Increasingly severe problem. 

Lack of Qualified Graduate Students 

Several States continue to report difficulties in obtaining qualified graduate 
students. Drafting of graduate student research assistants into the armed forces 
through the Selective Service Act has delayed or interrupted some research projects. 
Dr. Robert A. Lauderdale, Director of the Kentucky Water Resources Institute, 
mentioned that projects in engineering and the physical or natural sciences had 
been particularly hard hit in Kentucky and no relief was apparent for Fiscal Year 
1970. Another State mentioning a similar problem is South Dakota. 

Socio-Economic Research 

A perennial and widespread source of concern is the difficulty in initiating 
and maintaining a desirable level of research in this area despite almost universal 
conviction that a great deal more emphasis is vital. This neglect is attributed to 
both a lack of graduate students and lack of interest on the part of social scien- 
tists. Among the States listing this as a serious problem are Indiana, New Hampshire, 
Nebraska, South Dakota, Minnesota, Illinois, and Tennessee. 



Other Problems 



Until this year, the need for more interdisciplinary research was cited by 
many Institute directors. This year only one State, Indiana, specifically identi- 
ties need as urgent but other indications suggest that it is still a common problem , 



The Tennessee Center Director pointed out that few water research proposals 
are received from Tennessee colleges and universities other than the University of 
Tennessee and that at the latter institution proposals from such disciplines as law* 
public administration and planning are not received. Conferences are being held 
with the respective department heads to discuss this problem. The Indiana Director 
also reports difficulty in arranging for participation by other universities in the 
State. 

Arizona estimates that the State contribution to the Center *s program is more 
than double the annual allotment. However, only a fraction of this substantial 
contribution is reported due to the fact that accounting cannot be maintained in 
the detail required by Federal audits. 

In Puerto Rico* the problems encountered in administering the program may be 
divided into two broad areas: First, as it is not a separate administrative re- 

search unit, the Institute must depend on systems and procedures long established 
at the University of Puerto Rico. These arrangements do not respond to the unique 
needs of investigators but rather to traditional academic routine. However, good 
progress is being made in changing old concepts and procedures. The Administration 
of UPR has been most cooperative in the process of establishing more efficient cost 
and procurement methods to suit our needs. 

Second, the distance from the mainland, the higher cost3 for everything and the 
Inadequacy of funds, both Federal and Commonwealth, constitute permanent problem. 

Alaska reports a problem due to physical dispersion. With researchers physi- 
cally located in different departments and laboratories scattered over the campus, 
a lack of coordination and a dilution of research effort has re-.ulted. Efforts are 
being made to build up a full-time research staff and have it ocficed within a 
contiguous area. 

Late notices from OWRR of approval or rejection of research proposals has 
caused difficulties In Utah. Non-allowance of payment of fringe benefits under 
OWRR program continues to cause problems for the University Business Office. 

In Arizona, It Is not legal to pay "fringe benefits" from Srate funds In 
■ '.onnection with any part of an Individuals salary that Is derived from non-State 
jrunds • 

Alabama also cites the exclusion of fringe benefits as a problem. 

The Director of the University of Hawaii Water Resources Research Center reports 
that a university coordinating committee, long-requested and much needed, io yet to 
be established. 

Professor Carl Kindsvater, Director of the Georgia Center, points out a subtle 
problem In this perceptive comment: 

"The P.L. 88-379 program has stimulated increased emphasis on 
water resources research and education at the participating Institutions. 

No overt attempt has been made to reshape institutional programs specifi- 
cally to satisfy research priorities associated with the CWRR progrem. 
Nevertheless, allotment funds, augmented by State support, have been used 
to attract previously uninvolved competence to water-related activities. 

During the past year, faculty members from 12 major divisions at Georgia 
Tech and 7 at the University of Georgia were engaged In OWRR- sponsored 
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research. Active research projects reflect a remarkable correlation with 
ICST-COWRP research priorities. This 16 partly due to the researcher’s 
pragmatic reaction to priorities established by funding agencies. It is 
also a result of the fact that the program includes a considerable number 
of proposals. Included in proposals not approved for funding are some 
which reflect exceptional research competence which is characteristic 
of the participating institutions. This observation suggests that one 
of the purposes of Federal sponsorship of the P.L* 88-379 program should 
be to combine the best talent and facilities of the Nation into a co- 
herent national program of research. It recognizes that diversity among 
our Nation’s universities is an asset, whereas conformity, Imposed by 
Federal funding patterns, may result in an inferior national program." 

Committees and Other Activities 

The Directorate and staff of OWRR participate in a great many interdepartmental, 
departmental and professional standing and ad hoc committees that are concerned with 
water and related resources. This participation is essential to maintain the three 
"C’s" - coordination, communication, and cooperation. 

Some examples of the more significant committee participation are as follows: 

Roland R. Renne 1/ 

Director 



Adviser to National Academy of Sciences’ Committee on 
Water Resources Research 

Member, General Administration Board, USDA Graduate School 

Member, National Cooperative Forestry Research Committee 

President, Federal Professional Association 

E, D, Eaton 
Associate Director 



USDI representative, Federal Council for Science and 
Technology, Committee on Water Resources Research 

Member, USDI, - Interior Committee on Water Resources 
Res ear ch 

Member, USDI, - Interior Committee on Research and 
Development 

Chairman, Committee on Water Resources Research - Task 
Group on Manpower, Training and Facilities 

Edward G, Altouney 

Gtiest Lecturer in Water Resources Engineering-Economics, 
University of Extension, University of California at 
Los Angeles 



1 J Dr. Renne resigned as Director May 17, 1969. 

Dr* H. Garland Hershey became Director, September 29, 1969. 
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L ogan 0. Cowglll 

Member, Federal Council for Science and Technology, 
Committee on Scientific and Technical Information, 

Panel No. 1 on Operational Techniques and Systems 

Member, Water Resources Council, Committee on Hydrology, 
Bibliography Work Group 

Alternate USDI member, U. S. Standards Institute, £-39 
Sectional Committee on Library and Documentation 

Chairman, Natural Resources Division, Special Libraries 
Association 

Luther C. Davis. Jr. 

Alternate Member, Federal Advisory Committee on Water Data 
Glen D. Fulcher 



OWRR representative on Economics of Natural Resources 
Development Committee of the Western Agricultural 
Economics Research Council 

Member, International Relations Committee of the American 
Society of Range Management 

i «... 

Raymond A, Jensen 

Alternate member of the Committee on Scientific and 
Technical Information (COSATI) of the Federal Council 
on Science and Technology 

Member of COSATI Task Group on dissemination of information 

Member of COSATI Panel Six - Information Analysis Center 

Member of Sectional Committee Z-39 On Library and Documenta- 
tion Work of the United States of America Standards Institute 

Daniel L, Leedy 

Member, Federal Committee on Pest Control 

Member, Panel on Natural Resource Science of the Commission 
on Education in Agriculture and Natural Resources, National 
Academy of Sciences 

Member, Intradepartmental Committee on Recreation and Natural 
Beauty 

Member, NAS-NRC Committee on Interrelationships of Agricultural 
Land Use and Wildlife Resources 

Liubo Lulich 

Member, Washington Computer Center, USGS, Policy Committee, 

User Group 
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Albert H. Swartz 



Member, Interior Sea Grant Program Liaison Group 

Member, Interior Committee for Power Plant Siting Crlterla- 
to Assist Interdepartmental Task Force 

Member, Interior National Esutarine Pollution Committee 

Member, Steering Committee and Liaison Task Group, Chesapeake 
Bay Study 

Alternate member, Interior Council on Marine Resources 
H erbert A, Swenson 

Member, National Technical Advisory Committee on Water 
Quality Criteria 

Member, Federal Advisory Committee on Water Data 

Member , Committee on Implementation of Open Watershed 
Research Program 

Member, Committee on Water Resources Research - Task 
Force on Metropolitan Area Water Systems 

Stanton J. Ware 



Secretary, FCST Committee on Water Resources Research 
Chairman, Vector Control Committee, Water Resources Council 
Fiscal Aspects of the Program 

Federal Funds Provided for Carrying out the Purposes of the Act 

Federal funds appropriated to carry out the purposes of the Act from the date 
of its passage, July 17, 1964, through December 31, 1969, total $50,296,000. The 
annual appropriations were $3,450,000; $6,396,000; $6,910,000; $11,130,000; 
$11,181,000, and $11,229,000, respectively, for fiscal years 1. 5, 1966, 1967, 

1968, 1969 and 1970. It has not been necessary to withhold any portion of an 
appropriation available for allotment to any State. 

Funds appropriated for the Fiscal Year 1969 program were $5,100,000 for 
annual allotments of $100,000 to each of the 51 State institutes; $3,000,000 for 
91 matching grants which were awarded to 36 of the institutes; $2,000,000 for 31 
contracts and grants under the Title II program; $506,000 fcr the Water Resources 
Science Information Center; and $575,000 for expenses of the Office of Water 
Resources Research. 

The amounts of annual allotments and matching grants made to the States and 
the amounts disbursed to the State institutes in Fiscal Year 1969 are shown in 
Appendices A and B, respectively; Title II program awards and disbursements in 
Appendix C; the expenses of WRSIC in Appendix D; the administrative expenses of 
OWRR in Appendix E; and the status of funds appropriated in prior fiscal years in 
Appendix F. 

The Fiscal Year 1970 appropriation of $11,229,000 provides $5,100,000 for 
annual allofments of $100,000 to each of the 51 institutes; $3,000,000 for matching 
grants; $2,000,000 for research grants and contracts under Title II of the Act; 
$506,000 for the Water Resources Scientific Information Center; and $623,000 tor 
expenses of the Office of Water Resources Research. 
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Estimated obligations during the calendar year ending December 31, 1969, are 
shown in Appendices G, H, I, and J. 

Non-Federal Support of the Program 

The importance of State-Federal cooperation in conducting this program is 
evident in the substantial amount of non-Federal cost participation in the annual 
allotment (Section 100) part of the program even though such participation is not 
a program requirement. The State institute directors were asked, in submitting 
their Fiscal Year 1969 annual reports, to provide an estimate on non-Federal cost 
participation as related to this part of the program for the year. A summary of 
these estimates from the 51 institutes indicated that the non-Federal cost partici- 
pation exceeded $3,480,000, or about $1,00 for every $1,47 of Federal support, 

With respect to the matching grant (Section 101) projects, in which non- 
Federal moneys, or their equivalent, are required to equal or exceed the Federal 
funds, the State institute directors estimated expenditures of non-Federal funds 
to exceed that of Federal funds by $590,000, or about 26 percent more than corres- 
ponding Federal expenditures, 

Under the Title II program, in which non-iederal contributions are not re- 
quired, Title II contractors and grantees report the estimated expenditure of 
$324,025 in non-Federal funds or about $1.00 for every $6.25 of Federal funds spent, 

T!ow the Money was Spent 

In the 1969 annual allotment program, the institute directors indicated that, 
of the total Federal funds provided, three- four ths (75,5%) was for salaries and 
wages; 6.6 percent for non-expendable property, including research equipment; 8.0 
percent for supplies and materials and other expendable property; and 9.9 percent for 
miss rllaneous costs such as travel, automatic data processing, and other services. 

Of the estimated non-Federal contributions in the annual allotment program, 
approximately 29.6 percent was in the form of salaries and wages of professional 
staff who participated in this program; 49.7 percent for indirect costs and 
employee fringe benefits relating to the allotment program; 16.7 percent for the 
fair use-value of non-Federal equipment, facilities, etc., used in the program; 
and 4 percent for other services and costs. 

In the cast of matching grant (Section 101) estimated expenditures of Federal 
funds in Fiscal Year 1969, a high percentage (76.4) was for salaries and wages; a 
somewhat higher percentage for property (7.9 percent for non-expendable and 7,3 
percent for expendable); and a lower percentage, 8.4 percent, for other costs. 

Of the non-Federal matching funds provided for Section 101 projects, an esti- 
mated 40.8 percent went for salaries and wages; 53.4 percent for indirect and 
miscellaneous costs including employee fringe benefits; 3.9 percent for non-expend- 
able property; and 1.9 percent for expendable supplies and equipment. 

Thus, a high percentage of the Federal funds for both annual allotment and 
matching grant projects was *.pent on salaries and wages, Although information on 
total man-years of effort is incomplete, data available indicate that, for annual 
allotment projects, principal investigators and professional personnel receiving 
P.L. 88-379 financial support worked over 115 man-years compared with student re- 
search assistants, who put in about 253 man-years of effort. In connection with 
matching grant projects, professional staff members and student assistants provided 
over 237 man-years of effort in Fiscal Year 196^. Nearly all Title II research is 
conducted by academic institutions through research grants and by commercial organi- 
zations through research contracts. Reported expenditures of Federal funds for the 
Title II program in Fiscal Year 1969 show that about 45.6% was for salaries and 
wages; 1.0% for non-expendable prooerty; 6.2% for supplies and materials; 13.5% for 
miscellaneous costs; and 33.7% for indirect costs including contract fees. 
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At the State level, the 51 
Water Resources Research 
Institutes approved under 
PL 88-379 are focal points 
in the cooperative research 
and training program. 



Assistant Secretary Klein greeting the 
State Water Resources Research Institute 
Directors at the UCOWR meeting in Reno, 
Nevada Assistant Secretary Klein on 
right, Or. Warren Viessman Jr. of the 
Nebraska Institute in center, and 
Professor William 0. Walton of the 
Minnesota Center extending his hand, on 
left. Associate OWRR Oirector Eaton in 
background. Photo by V L Despard, Reno, Nevada 




Shown here are Assistant Secretary Klein and OWRR Associate Director Eaton 
of Interior witn the Directors of the Slate Water Resources Research Institutes 
at a UCOWR meeting in Reno, Nevada June 30, 1969. Highlight reports by the 
State Directors constitute Part IV Of this report *<oto by V L Oeipard, Reno. Nevada 
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PART IV 

HIGHLIGHT REPORTS BY THE 51 STATE INSTITUTE DIRECTORS 



SECTION 307 OF THE WATER RESOURCES RESEARCH ACT OF 1S54 AS AMENDED 
REQUIRES THAT THE SECRETARY'S ANNUAL REPORT TO THE PRESIDENT AND TUP 
CONCRESS SHALL INCLUDE AN ACCOUNT OF THE WORK OF ALL INSTITUTES FINANCED 
UNDER SECTION 100 OF THE ACT. IN THIS, AS IN PREVIOUS DEPARTMENTAL 
REPORTS , THE ANNUAL REPORTS OF THE STATE INSTITUTES OR CENTERS HAVE PRO- 
VIDED MOST OF THE INFORMATION CONCERNING P.L. 88-379 ACTIVITIES AT THE 
STATE AND LOCAL LEVELS. THE INSTITUTE REPORTS SUPPLIED INFORMATION ON 
RESEARCH, MANPOWER, AND TRAINING ASPECTS INCLUDED IN PARTS I AND II OF 
THIS REPORT. PART IV OF THIS YEAR'S REPORT CONSISTS OF AN ABBREVIATED 
STATEMENT BY EACH OF THE 51 STATE INSTITUTE DIRECTORS. THESE REPORTS, 
REPRODUCED WITH A MINIMUM OF EDITORIAL CHANGES, HIGHLIGHT SOME OF THE 
WATER-RELATED PROBLEMS IN THE RESPECTIVE STATES, PROVIDE EXAMPLES OF 
THE RESEARCH BEING DONE ON THESE PROBLEMS, INDICATE WHAT IS LIKELY TO 
BE THE MAIN THRUST OF THE PROGRAM IN THE NEXT FEW YEARS, AND DESCRIBE 
SOME OF THE ACADEMIC AND PUBLIC INVOLVEMENTS, AND OTHER P.L. 88-379- 
RFLATED ACTIVITIES DURING THE PAST YEAR. READERS OF THESE STATE-BY- 
STATE ACCOUNTS WILL APPRECIATE THE DIFFICULTY OF ATTEMPTING TO PRESENT 
THE HIGHLIGHTS OF THIS DIVERSIFIED COOPERATIVE PROGRAM IN APPROXIMATELY 
750 WORDS- -THE LENGTH SUGGESTED TO THE STATE DIRECTORS- -AND, TO GET MORE 
DETAILED INFORMATION THAN COULD BE PRESENTED HEkE, MAY WISH TO CONTACT 
THE RESPECTIVE STATE INSTITUTES (SEE APPENDIX S FOR ADDRESSES^ . 



ALABAMA 



Jamss C, Warmi i Director 

Alabama 13 blessed with abundant rainfall, enormous ground-water storage 
reservoirs, and extensive systems of rivers and streams. Increasing demands arc 
being made for more clean, fresh water, however, and means must be found for 
making the maximum beneficial use of this natural resource in order that all 
segments of society may be given due and equitable consideration in future commit- 
ments of the resource, 

Alabama's water problems are more correctly described as environmental 
problems that affect and are affected by human resources, water and land resources, 
and economic resources. Current and anticipated problems are principally in the 
areas of water quality management and protection, water resources planning, water 
quantity management and control, water eyrie, and nature of water. 

The Institute program will continue to emphasize problem oriented research 
on water quality (A-004, Oil, 012, 016, 017, and B-013, 017 and 028-ALA), planning 
1A-010, 01 5 -ALA ) , and quantity (A-005 and B-'>10, 018, 019, 020, and 025-AIA). 

Results from completed project A-008-ALA provide cost information useful to 
textile plant supervisors in selecting a waste treatment facility and estimating 
its construction costs. Project B-007-ALA has received world-wide recognition 
for Information on hydrology of limestone terranes and for preparation of an 
annotated bibliography of over C000 references, soon to be distributed as part of 
the program of the International Hydrologic Dicade. Project B-012-ALA identified 
problems and conflicts in water use and control and suggested legislative alter- 
natives in view of present and anticipated problems. 

Dr. Daniel L. Leedy of OWRR visited the Institute and was most helpful in his 
review of research projects at Auburn University, Tuskegee Institute and the Uni- 
versity of Alabama March 30 • April 2, 1969. The Water Resources Research Insti- 
tute, through its Director, was involved in many activities beyond administration 
of research projects. Mr. Warman was a Member of the Ad Hoc Committee of Directors 
assisting OVfRR in planning its Water Resources Research Conference for January, 
1969; and continues as a Member of a three-man Task Force assisting the State 
planning and Industrial Development Board in preparation of a comprehensive water 
and related land resources planning program. He presented papers on (a) results 
of project B-008-ALA at American Water Reaources Association Symposium "Water 
Balance in North America", June 23-26, 1969, at Banff, Alberta; (b) Federal fund- 
ing for water pollution control and aanltation at "Seminars in Public Administra- 
tion" July 29-30, 1968 at Tuskegee Institute; and (c) technical vrit^ >g at t^e 
"State Outdoor Recreation Planning Seminar", March 17-21, 1969 at Auburn Uni- 
versity, sponsored by Southeast Oouncil of State Outdoor Recreation Planners, USD1 
Bureau of Outdoor Recreation, and Auburn University. Mr. Harman served on the 
committee for selection of U,’$ papers for presentation at the International 
Syiiposiin on Hydrology of Deltas, Bucharest, Romanis, May 1969; and on the com- 
mittee for selection of U. S. papers for presentation at the International 
Symposium of Land Subsidence, Tokyo, Japan, September 1969; Delegate to U00WR; on 
the Board of Directors of the American Water Resources Association; on the Board 
of Directora and as Secretary of the Technical Division, National Water Well 
Association, and was appointed Chairman of Technical Division Program for the NMA 
Annual Meeting in St. Louts, September 28 - October 1, 1969; Mr, Warman directed 
the graduate student seminar (AS-690) on effective technical writing during the 
fall quarter (October - December 1969) for the Department of Agricultural £co» 
nonice and Rural Sociology, School of Agriculture, Auburn Uhiveraity, 

Problems in conduct of the Institute's program center around insufficient 
funds. Costs of conducting research projects have increased signtf icantly since 
inception of the Annual Allotment Program under P,L. 88*379, but the federal funds 
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now available remain fixed at $100,000* Hopefully the Act might also be modified 
to permit payment of employee benefits* 



ALASKA 

R. Sage Murphy, Direczor 

Alaska^ Water Problems 

The water problems within thia state can be broadly classified as naturally 
poor quality and excess quantity during the annual thaw* Remoteness, small popu- 
lations, and cold weather intensify these problems. However, a turning point in 
Alaska history occurred in the late aummer of 1968 when the North Slope (the 
coastal plain between the Brooka Range and the Arctic Ocean) oil discoveries were 
announced* It ia a conservative eatimate that a tripling of industrial activity 
will occur within the next five yeara. Our original water resource problems will 
not only be intensified, probably as a power function of increased activity, but 
many new ones will emerge which are only now being asaessed* 

The opening of the true Arctic, heretofore a geographical area which haa 
never been adequately investigated, has been the focal spot of international oil 
activity* The creation of all thia activity within a 550,000 square mile atate 
which, with a few notable exceptions, is free of pollution and other waste re- 
source problems, is a challenge. It Is this challenge the Institute will attempt 
to aeet * Studies will be concerned with all facets of water resources but the 
primary concern will be to support industrialisation while preserving the water 
quality at a near-natural level* 

Institute 1 ? Main Thrust 



The next five years will be extremely Important to the Institute as this 
will be the period when the industrial expansion mentioned earlier will be in its 
log growth phase* It ia intended that the primary function will be applied re- 
search which will be utilised by both industry and atate government to augient 
various water resource plans* Some rather basic work will continue, but the 
applied area will be predominate in our thinking* it is expected that significant 
amounts of funding will be available to this organisation for water-related re* 
search from ind atrial f*rma and other agencies in the state and federal govern- 
mental structure. 

Co mpleted Research 

Research which haa been completed with project funds fror the Office of Water 
Resources Research can be classified into two categories! a) basic studies which 
add to the general knowledge of highly specialised fields, and b) applied re- 
search which haa directly aided in the solution of water resource problems. Of 
the latter category, several project! hava raaulted in significant contributions* 

A few exaaplea ate summarised in the following paragraphs. 

The study of "Heat tosses in a Circulating Water Distribution System in Sub- 
Arctic Alaska" (A *01 6 -ALAS) resulted in a veil received publication suitable for 
the use of newly arrived engineers who are not cognisant of such distribution 
systems. The U. S. Public Health Service, among others, haa indicated this manual 
will be required reading for all their engineers upon arrival in the atate. 

Research entitled "Biological Degradation of Wastes under Paychrophilic 
Environments" (A-014-AIAS) haa contributed to a better understanding of the 
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microbiological processes taking place during the winter months in Alaska. One of 
the more significant aspects of the study Indicated the activated sludge process 
Is unaffected by low temperatures while the removal rate in streams is* 

Other Activities and Accomplishments 

In the past the Institute had been largely a clearing house for water related 
research. It was apparent that coordination of research, scattering of equipment, 
and the lack of a central organizational structure tended to dilute the research 
effort. Therefore, our trend will be, from this point forward, to build a full* 
time research staff, off Iced within a contiguous area, thus enhancing an Inter- 
change of ideas from various disciplines. 

The one exception to the above will be a close working arrangement with the 
Institute of Marine Science, a large research organization located in the same 
building we occupy. Their well-equipped laboratory and excellent staff have been 
found to be extremely helpful In our efforts, particularly with respect to some 
of the estuarine studies with which we are engaged. 1 foresee a much closer 
alliance of the two groups in the future* Since they are sUo a water-oriented 
group, any cooperation should be beneficial to both groups. 

Every professional staff member is engaged in some teaching activity, usually 
one course at the graduate level. As a group we are also responsible for the 
undergraduate couraes in hydraulics, hydrology, and aanltary engineering. The 
total teaching load la usually one three-hour course per semester. 

An Institute Newsletter was established during the yesr. This publication is 
designed to serve a number of purposes, not the least of which lc to save money. 

It la designed to briefly review, in non-technlcsl language, the results of each 
completed project and the significance of recently funded projects. We believe 
this approach is Important in order to make thu general public (including state 
and national office holders) aware of our research and its significance. In addi- 
tion, the Newsletter will Introduce new staff members, important public speaking 
events concerned with water, and legislation Important to the water resources of 
Alaska. 

We will continue to have our reports published and distributed to the other 
50 institutes, but will only mall reports to others if they are requested cn an 
individual basis. It appears, ftom our first trial edition, that a wider distri- 
bution of our work ulll be effected, and that the total cost of publications will 
be reduced. 



ARIZONA 

A. Richard Kassander Jr , , Director 

Technically, Arltona'i water problem is very simple. Politically, economi- 
cally, end sociologically it is terribly complex. A* a simple technical matter, 
our ground-water reaerve is being overdrawn at a rate of approximately 3.5 million 
acre-feet per year, a rate substantially in excess of 50 per cent of the con- 
sumptive use. The result is a continual lowering of the water table resulting in 
a continual increase In water cost. Over 90 per cent of thie water is used for 
Irrigated agriculture, an Important Source of Income to the State's economy. 
Projections of economic disaster can be made for practically any time period 
depending on the basic assixaptlons nf the model. 

Manufacturing, mining, and tourism are expanding rapidly in the State aid 
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the economic benefits per unit of water consumed are enormously greater than for 
agriculture. However, the mere postulation that agriculture should be replaced 
by these other activities Is meaningless unless it can be accomplished at a 
greater rate than at present. Moreover, the State's water law does not favor 
prevention of irrigated agriculture to "bank" the resource for the future* 

there are currently rather Important moves at the State level to develop an 
agency responsible for comprehensive State water planning, partly as a result of 
the U. S* Congressional authorization of the Central Arizona Project* It Is to 
this end that the program of the Water Resources Research Center Is designed to 
be most responsive* 

A study of the evolution of the Center's program would reveal that Initially 
it consisted of a number of only coincidentally related projects designed to 
develop background lnfoxmatlon In specific areas. Gradually ve have attempted 
to Integrate these so that we feel we now have a fairly well balanced program 
oriented primarily toward planning and management with a good Infusion of study 
of socio-economic factors ss well as systems -oriented model building. We anti- 
cipate that the next five years will see much more coordination with State plan- 
ning, depending on the direction in which that moves. We are making additional 
plans for closer Interaction with our advisory group, the Arizona Water Resources 
Committee, In order to be even more responsive to State problems. All of our 
projects have been chosen to be focused on tlu» goal of rational comprehensive 
regional planning and management of the water resource. Some are related to 
specific gaps which need to be filled to complete the picture* 

We cannot give specific examples of completed projects which are being used to 
solve problems* We can give a number of examples of projects which should be. 
Although Aspects of the project continue, the Information and methodology developed 
under a- 008> "Geophysical Investigations," and Its earlier counterpart could be 
used to good advantage* The three phases of "Trace and Tracer Chemicals" and the 
equipment developed thereunder could find Immediate application In management. 
Gravel -covered plastic catchments under B-005 are ready for application In selected 
situations . 

Our Inability to give a more positive answer to this last point and the 
recognition of need for further interactions in the public benefit have caused our 
University Advisory Committee to recommend an expansion of the activities of the 
birector's Office to Initiate a program designed to better catslogue local dtta 
and Information sources so that we can better serve the acadtftlc commvnlty as well 
as the public sector. The goal of this will be to get Information much more 
quickly to serve the needs of research as well as application. 

During the coming year we hope to start by systematically reviewing the pa** 
research accomplishments of the Water Resources Research Center and then devising 
methods of periodic review of these findings against the requirements for compre- 
hensive planning. This process should first of all considerably reduce the gap 
between research finding and application because it will enable us to knee the 
opportunities for application* This Is not quite aa easy as it sometimes appears 
to be. 



A second lmporttnt result of thle process will be to create a feedback 
mechanism to produce a more rational basis for encouraging and selecting projects 
In future years* 

The process cf collecting and cataloguing research data and results and com- 
paring these against a comprehensive watet plan, if such la to sxlst, could easily 
bs a central goal for a fiva-year program. 

the State, through the regular budget of the University, la making a vary 
substantial contribution to tht Center’s program. We would estimate that our 
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Institution*] contribution is more than double the allotment grant portion of the 
program. 



ARKANSAS 

Aubrey E, Harvey, Director 

Because of the large number of streams and rivers in Arkansas, and the 
relatively recent impoundment of many of the streams, Arkansas 1 current water 
problems .enter around water quality, especially as related to impoundments . 

Three ot the Arkansas Center^ projects (A-008-ARK, A-011-ARK and B-002-ARK) deal 
with methods cf assessing water quality, and four projects (A-007-ARK, A-009-ARK, 
B-002-ARK, B-012-ARK) are concerned specifically with Impoundment effects on 
water quality. Results of these projects are already being used to solve water 
problems in the State. 

Mr, Hinson and Mr. Ralble of project A-008-ARK, ■'Digital Systems for On-Site 
Data Collections for Water Quality Analysis, 11 have assisted the U.S. Department 
of the Interior, Fish and Wildlife Service, Stuttgart, Arkansas, in the measure* 
went and control of oxygen for a project relating to consumption of oxygen by 
fish and with other measurements. Mr* Ralble served as a consultant to a project 
at the University of Arkansas Medical Center concerned with rapid changes of oxy- 
gen level in the measurement of reaction rates of flavoentyme oxidates. It is 
of interest, also, that this project produced a water scientist capable of 
stepping lured lately into the position of Director of the Robert S. Kerr Water 
Resources Center, Ada, Oklahoma. 

Dr. Joe Nix, principal investigator of project B-002-ARK, "Distribution of 
Trace Elements in Impoundments," has consulted with representatives of South- 
western Research Associates of Houston, Texas, regarding their study of the 
discharge of chloride into Lake Catherine, Arkansas, as a by-product 
from a Union Carbide vanadium mining operation. The entire staff of this project 
has cooperated with the Greers Ferry National Fish Hatchery in conjuntion with 
water quality problems in the hatchery water supply. Recoorendatlons were made 
for water treatment to reduce the manganese concentration in the water. Dr. Nix 
also consulted with the Soil Conservation Service personnel concerned with small 
watershed impoundments built under P.L. 566. 

Reports of project B-OOl-ARK, Water Resources Planning Studics-*Arkansas and 
Oklahoma- -have been used by the Arkansas -Oklahoma Compact Coen It tee. Thla 
Occult tec was formed with the specific purpose of apportioning the joint water 
resources of Arkansas and Oklahoma. Completed project A-002-ARK, "Design and 
Development of an Automated Sub* Irrigation System," has attracted considerable 
interest including international inquiries. However, Urge scale application 
of this irrigation method hat been discouraged pending further research* 

Other Center Activities 

Principal investigators of most cf the Center projects were active in meet* 
ings of various technical and scientific societies dining the year, many of them 
presenting papers at these meetings. Public involvements were many and varied. 

For example* Dr* Testerman of project A* 008 -ARK assisted the Pulaski Oounty 
Special School District, Puller School Complex, in the design criteria on 
aerobic treatment of sanitary wastes, particularly when the medium is kept at a 
reasonably constant elevated temperature. Techniques for monitoring properties 
of wastes by instrumentation were discussed, also, with local civil and alectrical 
engineers* 
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The principal investigator of project B-002-ARK serves as Chairman, State 
Committee on Stream Preservation, a committee established by the 1967 Arkansas 
Legislature. He presented a statement at a public hearing of the Arkans^j 
Pollution Control Commission concerning possible effects of heated water which 
will be discharged from a nuclear generating facility being constructed on 
Dardanelle Reservoir. 

The Center Director spent considerable time, during the year, in discussions 
with faculty members of colleges and universities throughout Arkansas regarding 
possible participation in the P.L. 88-379 program. In developing a Title 1 
program for Fiscal Year 1971, projects from other schools within the State will 
be considered along with those developed at the University of Arkansas. 



CALIFORNIA 



Arthur F. Plllsbury, Director 

California has a long history of wat?r storage and water transfer schemes; 
schemes that have solved many problems and have created others. The State, in 
the face of continued excessive groundwater mining, and large transfer schemes, 
will, in the future, have to utilise its groundwater basins more to coordinste 
Imported supply with demand, and to provide assurance of continuity of supply in 
event of disaster. This changing role of groundwater gives rise to a host of 
problems. Research on Inductive electromagnetic methods for mapping and evaluating 
aquifers is progressing well (B-067-CAL)* In another approach, various ma^he* 
matlcal models of groundwater basins have been developed. These models are being 
tested and evaluated for applicability toward a better understanding of the com- 
plex Livermore Valley groundwater basin (B-066-CAL). 

Other groundwater research projects explore the concepts of optimisation 
through systems analysis for application to the management of groundwater basins. 
One such project has concentrated on the problems of sea water intrusion into 
coastal groundwater basins, and is expected to provide design for economic 
optimisation of corrective measures (B-041-CAL). A second project concentrates on 
optimisation of conjunctively managed groundwater basins with emphasis on the 
punning and recharge facilities required, and the findings are now being summa- 
rised and analysed (B-006-CAL). A third project, ©ore theoretically oriented 
and in its early stages, is entitled "System Identification and Multi-Level 
Optimisation of Integrated Groundwater Supplies" (A-033-CAL). 

Project A-032-CAL, related to the problem of groundwater basin "salt balance", 
utilises mathematical models wherein groundwater dynamics and salinity diffusion 
are being formulated as two- or three -diner.aional partial differential equations 
with non-linear and tlme^varylng parameters. Solution is being undertaken on a 
hybrid computer wherein a special analog computer is being developed to be coupled 
with a digital computer. The equations can be adjusted to the peculiarities of 
each basin to provide solutions not heretofore possible in defining when and where 
brackish groundwaters will be encountered. 

The problems of cost and effective performance of tile drainage are so im- 
portant to the future prosperity and environmental quality of California that a 
two* pronged attack has been developed. One project is studying drainage design 
as influenced by conditions In the vicinity of the drain line (A-03l*CAL), and 
another deals with physical, chemical, and microbiological factors affecting the 
discharge of water into drain tile (A-029-CAL)* It it visualised that a process 
for disposing of saline groundwaters by tile drains may be applicable as much to 
urban as to agricultural lends* 



Project B-017-CAL has devised a dynamic Input-output and mathematical program- 
ming analysis of western regional water resources. It began with basic research 
on criteria for public policy on developing and allocating water In arid and semi* 
arid regions. It has made excellent progress in application of regional input- 
output methods of analysis to the California water economy to determine water 
demand interrelationships. An Input-output table has been constructed for the 
state's economy, growth projections made to the year 1990, and a model constructed 
for a block of eleven western states. This has led to the forward-looking Intro- 
duction of a dynamic analytical element Into the mul t Iregi jnal model which will 
enable examination of the economy through several distinct tlao periods. Wide- 
spread Interest has been expressed In the results of this research. 

California, further, has been In a pioneering position In other aspects of 
water resources planning research. Project B-001-CAL placed major emphasis on 
optimization for power generation, with attention to peaking power, and for water 
releases from the many storage reservoirs Involved In the California Water Plan, 
This effort has been directly utilized by the State In its planning. Project 
B-061-CAL is placing emphasis on defining critical period hydrology in conjunction 
with reservoir design and operation, and Is utilizing the concept In evaluating 
possible water deficiencies for project planning purposes. 

Other aspects of planning research under way Include studies of on-farm 
irrigation water supplies and costs in relation to cropping systems and production 
adjustments (B-068-CAL) ; a comparative study of the use tax as a means of allo- 
cation of water resources In a conjunctive use system (A-025-CAL)* a study of 
public attitudes towird reuse of reclaimed water for various purposes (A-030-CAL); 
an ln-depth study of the development of water resources In California in relation- 
ship to plans and programs for western regional water development (B-009-CAL); and 
the allocative Impacts of Federal and State water development law (8-065-CAL). 

These projects are all carefully coordinated to provide the State with the best 
possible planning Information* 

Within the limits of this brief description, It Is not possible to describe 
all of the research In progress* The Center maintains close working relationships 
with the nine major campuses of the University and supports highly selective 
projects amon£ than to the extent of available funds. 



COLORADO 

Norman A* Evans, Director 



Introduction 



Colorado Natural Resources Center activities are concerned with research 
in water problems facing the State and the Nation; training of water scientists 
and engineers for the task cf research, planning and development; and expediting 
the flow of communications and exchange of information between those engaged In 
research and those engaged In application of research. 

Oolorado Witer Problems 



A sweeping revision of Colorado lavs governing water administration was 
initiated by the 1969 jolorado General Assembly* The goal la more flexibility 
In managing the water supply, especially conjunctive surface and ground waters. 

To Implement and take full advantage of the legislation, new research Is 
necessary. For example, usable techniques will be needed for predicting effects 



of changes In surface water diversion patterns or in ground water pumping patterns 
on the total surface-ground water system in a basin* Effects on return flow 
patterns of local evapotransplvatlon from crops and phreatophytes will be impor- 
tant. Evaluation of the benefits from winter irrigation as practiced in the 
Arkansas River basin will be needed to determine if the practice can be dis- 
continued in favor of off-season storage. Effects of agricultural commodity 
marketing orders and practices on water use patterns need to be determined. Water 
user attitudes, perceptions, and acceptance of the new mode of water administra- 
tion should be evaluated. 

Environmental quality control will continue to demand research attention and 
effort. Among the more pressing problems are: salt load control in return flow 

from irrigated land; feedlot pollution control, waste disposal methods and odor 
control; domestic waste disposal at mountain recreation and dwelling sltc^; and 
reclamation and s tabl 11 lzatlon of nine tailing dumps to prevent sediment and 
chemical pollution of surface waters. 

Ecological research will play an increasingly important role in Colorado 
water management planning. Reservoir conditions in high Altitude pumped storage 
systems with special reference to fishery potential is one example where new 
knowledge is currently needed. 

Water supply development and management for the eastern front rar. 0 n area of 
heavy population and industrial growth will demand accelerated economic, socio- 
logical snd legal research in view of the limited water supply presently avall- 
sble. Local governments can no longer afford to approach water supply and dis- 
tribution independently. 

New Resear ch to Solve Prob lems 

Allocation of funds for new research is based on relevance to Colorado 
problems. An advisory committee of representatives from each water-related state 
agency and the Director of the State Department of Natural Resources assist in 
identifying major probleTs. 

Waste treatment processes under low temperatures, such as are found in 
Colorado's mountain communities, will be investigated in Project A-007-CCLO. The 
result will be more reliable treatment plant design criteria for thsse conditions. 

Combined cooling and biotreatment of beet sugar factory condenser effluent 
will be investigated as a solution to the major water pollution problem still 
facing that industry. (Project A-OOB-OOLO) 

The Colorado water pollution control monitoring and enforcement program, 
now in its formative stage, will be reviewed by a team of engineers, sociologists, 
and economists in an effort to provide constructive suggestions for its further 
development. (Project A-OIO-OOLO) The economic snd institutional consequences 
of water quality standards now in use will be evaluated in Project &-042-COtO, 

The effect of new water legislation adopted in 1969 will be studied under 
Project A-013-00LO to monitor the economic, political, and legal consequences 
and to identify at an early stage any modifications needed. 

New project B-022-OOLO will provide important new information about the 
amount of ground water contributed to alluvial aquifers from underlying bedrock 
in Colorado river valleys. This knowledge will contribute to the successful 
management of Integrated surface-ground water systems now conteo^ltted under the 
revised water lavs. 

Culdtllnes for assessing vater pollution potential of waste effluent dls- 
posal at mountain dwelling and recreation sites will be developed under Project 
e-023-COLO, A basis for classifying waste disposal sites should result. 
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Research Results in Action 



Guidelines to cattle feeders for liquid v?aste control frcxn feedlots were 
recently developed by a conroitte representing feeders , consultants, State 
Pollution Commission and the Natural Resources Center. Information developed 
in Project A-001-C0 W was utilized. 

Extensive application of stream bank stability criteria developed in 
Projects A-002-O0L0 and B-014-COLO has been made in planning highway construction 
through the Rocky Mountains in Colorado and elsewhere to prevent erosion and 
sediment pollution. 

A critique of the efficiency of research and special studies contracted by 
the State Water Conservation Board over the past several years was one of the 
results of Project A-OOS-OOLO* Recommendations on future use of this method of 
obtaining needed data and information were provided to the Board. 

Project A-OOl-OOLO produced an Inventory of ground water pollution sources 
and movement in a local problem srea which was used for planning purposes by local 
and state agencies. 

Public Service 



The Natural Resources Center has sponsored public conferences and symposia 
to disseminate information on State and National water -related issues. The annual 
Western Resources Conference is Jointly sponsored by the four major State uni- 
vers 1 ties doing water resource research. In addition, a State Agency-Resources 
Center conference is held annually to acquaint agency personnel with current re* 
search and to develop closer personal ties among the two groupr. Various inter* 
disciplinary committees provide advisory assistance to regional planning bodies 
in Colorado. 

General 



The Education Cormlttee of the Natural Resources Center formulated criteria 
for an interdisciplinary graduate program titled "Natural Resources Administration! 1 
Another graduate program is being developed by the Urban and Regional Planning 
Committee of the Center. This will focus on planning outside the municipal area 
and will take advantage of established expertise in Forestry, Outdoor Recreation, 
Fishery, and Wildlife Management at Colorado State University, this program is 
being coordinated with a developing program in city Planning at the University 
of Colorado. 

Major limitation to water research program growth continues to be lack of 
adequate matching funds from non-federal sources. 



OONNECIICUT 

William C. Kennard, Director 
Current and Anticipate d Wa ter Problems 

The principal problem currently facing the State of Connecticut with regard 
to water is one of quality. In a high rainfall area such as exist* in the 
northeast, it ts logical to expect that quality rather than quantity of water 
la of paramount importance, this problem will become more scute at the population 
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lncreaaea (Connecticut la projected co lncreaae from 3,000,000 to nearly 4,000,000 
within the next five to 10 years and to 5,000,000 people by the year 2000). Such 
lncreaaea will place additional heavy burdena on the already overtaxed water re- 
sourced of the State* Similar piobleua of heavy population densltlea, Increaaed 
Industrialisation and urbanisation exist also for the other New England Statea. 

Main Thrust of the Institute Program 

We will continue the Institute's broad program of both applied and funda- 
mental research In a wide range of academic disciplines. One new action Is of 
special Interest. The Institute, In exploring ways In which the Impact on the 
State of lta research activities could bo enhanced, decided to "adopt 11 one river 
watershed for continuing emphasis. Becauae of its site and Importance In eastern 
Connecticut and becauae of lta proximity to the carapua, the Wllllmantlc-Shetucket 
River Watershed was selected for this purpose* During the next several years, 
staff and graduate students In many departments will be encouraged to undertake 
studies related to this area. The results, thus, not only will have scientific 
value, but also will be of direct practical value In the future development and 
use of th'a Important natural resource. One new project (A-026-CONN) will be 
concerned with algal communities In three altea on the Wllllmantlc River. Addi- 
tional atudlea will be activated as resources permit. In our basic research In 
« physics and chemistry we will continue fundamental studies relating to the water 

molecule Itself (A-023-CONN and A-013-OONN)* Studies In the engineering sciences 
will continue with emphaala on fluid mechanics (A-021-O0NN) , hydrology (A-020-CONN) 
chemical engineering (A-019-00NN), and aanltary engineering (A-025*OONN), Studies 
on biology also will be continued (A-027-CONN, A-022-CONN, A-018-O0NN, A-014*C0NN 
and A-O01^C0NN)* further studies on *he legal aspects of water management will be 
conducted under a new project (A-028-00NN) which will be concerned with legal and 
administrative practices relating to lake pollution* We Intend, during the next 
five years to hsve the special thruat of the Institute be on studies relating to 
under! tending and abating pollution of the State's surface and ground water 
supplies • 

Completed Research Being Used to Solve Water Problems 

Demonstration under A-010-00NN that the reverse filter technique could be 
used to control erosion has been put to practical use* The rock sausages are 
being used to direct highway water runoff without soil erosion and In the spill- 
ways of dams of several small lakes* Research under A-003-00NN will be used In 
the management of fish In streams and rivers of Connecticut. The thorough reviews 
conducted and publications prepared under A-012-00NN will assist, from the legal 
point of view, In the orderly development of Connecticut's water resources for 
man y years to come. 

Other Act ivities *n d Acc ompl late e nta 

The Institute Director, Dr* W. C. Kennard, was a member of a special com- 
mittee of the Connecticut General Assembly which proposed legislation on the 
preservation of wetlands. It was adopted In the 1969 session of the Assembly* 

The seminar program of the Institute was continued with eight lectures being 
given during 1968-1969* These lectures attracted staff and students from the 
University as well as people from a wide range of private and public groups and 
agencies throughout Connectltut* A six-man planning comnlttee was appointed to 
develop the lecture schedules and speakers for the 1969-1970 academic year* 

Three of the members are University staff and three are from state and private 
groups, tt is obvious that Involvement of people from outside the University 
will enhance the seminar program. The Institute Director, Dr* W. C. Kennard, 
was named the Unlvtrslty f s representative on the Wllllmantlc River Task force, 
a group organised recently to focus knowledge and expertise on the problems and 
potentials of the River* tn April 1969, the Institute Joined with the Cooperative 
Extension Service of the University of Connecticut and the Connecticut State 
Department of Health In conducting a conference on treating and conditioning home 
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water supplies* This was oue aspect of the Institute’s goal to serve the public 
and to put to practical use results of pertinent research projects. 

The State of Connecticut has continued its significant support of the Insti- 
tute, Nine graduate students were financed during the academic year 1968-1969 
with funds from State sources and two professorial positions were created and 
filled. State funds also were allotted to the Institute for the purchase of 
supplies and to pay the cost of essential travel* 



DELAWARE 

Robert D, Varrln, Director 
Current and Anticipated Water Problems 

Delaware's water problems result mainly from the rapid expansion of her 
population and economy in a land area which is limited. The State is undergoing 
a change frotn rural-small town to urban-suburban-lndustr lal , l.e., a microcosm 
of the Nation as a whole* Two phrases which can be heard dally and illustrate 
the nature of the problem are the urban environment and the changing ecology . 

Host of the research that the University of Delaware Water Resources Center has 
and will undertake is directly related to these. 

the Northeast United States was subjected to a severe drought during the 
Sixties, the inadequacy of the water supplies In Delaware was quite apparent, 
particularly ii« the northern part. Many solutions have been proposed and they 
range Iron the unification of some of the present systems to the importation of 
water from out-of-state basins. The governmental bodies faced with these deci- 
sions do not have the necessary information on which tc evaluate the alternatives! 

the pollution of the Delaware River and its tributaries is a major regional 
problem but Delaware's position as the most downstream state and final recipient 
of the pollution makes this a particular concern, tfelavare contribute* to this 
pollution and the over-all solution must begin at home. Never and better methods 
for cleaning up our wastes must be found* 

Large areas of Delaware caw be described as wetlands and many undeveloped 
valleys still exist in their natural states. Many of these are now directly 
adjacent to urban areas and encroachment is imminent. Since most of the pro- 
posed uses would upset the ecclogic balance, the value of these lands ss a 
resource should be evaluated before development for other purposes is allcved* 

Research Program Emphasis 

the first responsibility* oi our Center is to the water problems of Delaware 
and our research program reflects this. Several .rojetti are concerned with 
the development of means for increasing the dependable water supply. Projects 
A -004 -DEL and B-002-tftL dealt with the ground-water resources of the state, 
projects A-002-DBL and A-010-DEL looked at ways of increasing water efficiency 
in the agri-business industry And projects A-003-D6L and A-013-DGL were concerned 
with economic and governmental aspects of water resources development. 

Research has been performed in the area of waste-water treatment. Use of 
polymers to increase efficiencies in treatment and transportation have been 
studied in projects A-0D5-DB, and A-009-DfiL, respectively* A method for treating 
sewage during transit is the subject of project A-OOB-DBL and a pilot ttody in 
the Wilmington system may soon be initiated, the effect of boron t%\ waste treat- 
ment is also being studied in A-002-DEL* 
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The problem of the fresh-salt water balance in Delaware's wetlands is the 
subject of project A-006-DEL. The role of these lands as food producers to the 
aquatic life must be better understood. 

In the future, the systems approach will be emphasized, Oily when its 
effects on the entire system arc known, can a specific problem be analyzed 
properly, 

Accomplishments and Activities 

Results of our research effort have already been applied to the solution of 
water problems or improved water management in Itelaware. The Delaware Water and 
Air Resources Commission is using the ground water studies in their allocation 
of water. A proposed consolidation of water agencies is based on a report pub- 
lished by our Center, Controversy over the damming of ar. interstate stream for 
water supply has been put into better perspective by an economic and engineering 
study of alternative means of obtaining additional water, The objective view- 
point that is taken by the Center lends great weight to the impact of the con- 
clusions. The decision will now be made with more of the facts known. 

The Water Resources Center continues as the focal point for water research, 
education and information in Delaware, Students trained at Delaware and supported 
through the Center have gone on to responsible positions in teaching, government 
and industry, Since each student received support through a research project in 
which he participated, the applications of the research results should thus find 
their way Into use more readily. 

The Water Resources Seminar, sponsored Jointly with the Dapartment cf Civil 
Engineering, has an** will continue to present well-known speakers on varied v.*> ter 
topics. News media report on these seminars and also publish many of our 
research conclusions. Our image la illustrated by a quote in the Wilmington 
Evening Journal on research accomplished under project A*003*DEL: "The chief 

conclusion reached by the professional staff of the university's Wtter Resources 
Center is clear and persuasive." 



FLORIDA 



A. 0, Patterson, Director 

Florida continues to grow at sn astounding rate in permanent population as 
well as in numbers of visiters to the stste. Its summer tourism now rivals that 
during the winter. The effect on the economy by the possible reduction In the 
spec# program st Cape Canaveral seems likely to be more than offset by the private 
development of the large recreational project some sixty miles west. Citrus and 
winter vegetables continue to be produced at ever increasing quantities as well 
as sugar cine and other crops. Cattle production as veil is growing steadily, 
Phosphate mining and the pulp and paper industries continue st high levels* All 
of these interests combine to put pressure on Florida's water supply which, 
although abundant, is not unlimited. Moreover, the largest renters of population 
generally are found a'ong the coasts wiile the ta/ge water supplies are mostly 
inland. 

The present and anticipated water problems of Florida are, and premise to 
continue to be, problems of distribution, both areal *nd temporal, and problems 
of preserving the quality of the tupply. The program of the Florida Center 1* 
planned to give guidance to those intrusted with water management in meeting 
their responsiblity in distributing the available water in an optirum manner, 
for the next five years rrtd longer it is believed the needs of the State can be 
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served best by the Research Center if its aim is to demonstrate ways to determine 
bases for uecisions in water allocation and diversion examine ways to decrease 
water use, and concurrently to concentrate on studies toward preventing degradation 
of the resource in the face of increasing population pressures* The program of 
the Center now is pointed in these directions* Following are several examples* 
Maloney's design of a model water use act of the State of Florida (A-009-FLA) will 
provide the legal approach to water U3e in the State and Kubat’s prediction study 
of water use by urban and rural areas (A-010-FLA) as well as Reynolds 1 optimum 
water allocation study in central and southern Florida (B-005-FLA) both provide 
guidance in water allocations and the latter two are in the part of Florida that 
is feeling first the pinch of water shortage because of the fierce competition for 
water that has developed there. Maloney’s book on Florida water law (A-001-FLA) 
is one of the moet comprehensive onstatewater law in the East and is providing 
the base for the preparation of the water use act. Myers 1 examination of ways 
to reduce water use by improving che efficiency of irrigation methods (A-003-FIA) 
and West’s (A-C03-FLA) determination of the influence of inadequate supplies on 
biological systems are both directed toward decreasing water needs without affect- 
ing crop qualities or yields. Some of Florida’s lakes are feeling the effects 
of abnormally high rates of nourishment and are losing their values both us water 
supplies and as recreation spots. 

Putnam's study of factors affecting accelerated eutrophication of Florida’s lakes 
(A-002-FIA) with Brezonik's evaluation of the trophic state of lakes ir. north- 
central Florida (B-004-FLA) are expected to reveal possible solutions. 

Other activity! George Watkins, graduate student, gave a paper by him and 
Daniel Kubac (A-010-FLA) before the Florida section, AWWA, at Fort Lauderdale on 
"Patterns of Water Use by South Florida Households," and Kubat gave a paper, 
"Awareness of Water Consumption by Socio-Economic Status" at a meeting in Boston 
of the Rural Sociological Society. Maloney (A-Q09-FLA) discussed the model water 
use act for Florida in a speech before a Water Law Conference at the University 
of Texas in Austin. The paper by Baird, Myers, and Ross (A-003-FLA) "Precision 
Measurement of Dew Point Changes with Electrolytic Condensation Hydrometer" pre- 
sented at the 1968 annual meeting of the American Society of Agricultural Engineers 
has been accepted by ASAE for publication in its Transactions. Cram (A-012-FLA) 
and Varcoe presented a paper "Gas Chromatographic Separations in Neutron Activa- 
tion Analysis," as a part of the International Symposium at Gaithersburg, Md. on 

Modern Trends in Activation Analysis. Dean (A-007-FLA) was selected to serve 
a six-year term as one of three civilian members of the Corps of Engineers Coastal 
Engineering Research Board. 

The Director gave a talk on Water Resources Research in Florida at the 35th 
Annual Citrus Growers Institute which was published in The Citrus Industry. He 
served an co-chairman of an Environmental Engineering Conference on Water held at 
the University of Florida, which reviewed Florida's water pollution problems, 
technical and legal methods for controlling them, and the costs. At the con* 
ference Morgan (A-Q02-FLA, B-004-FLA) spoke on Estuarine and Coastal Waters and 
Brezonik (3-004-FLA) spoke on eutrophication. Dr. Roland R. Renne, then Director 
of OWRR, spoke on "Urban and Metropolitan Water Resources Problems." The pro- 
ceedings were distributed to conferees and members of the Florida Legislature. 

The Director helped update the water section of the University of Florida 
Institute of Food and Agricultural Sciences* DARE report- -Developing Agricul tural 
Resources Ef f ectively--and he served in an advisory capacity to the Florida 
Section, AWWA Water Resources Committee. 

The Florida Center cooperated in bringing to the University of Florida campus 
Dr. John R, Philip, eminent Australian research scientist, for a special series 
of lectures on Physics of Infiltration and Micrometeorology, 

For the first time since the Center was established the State of Florida 
offered matching funds to help increase water resources research. With continued 
help the Florida program will move ahead. 
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GEORGIA 



Carl E. Kindsvater, Director 

In Georgia, the roost striking characteristic of water resources and water 
problems is their variety. From cold mountain streams to sluggish tidal estu- 
aries; from regions of neglfgible groundwater to regions in which the ground- 
vrater is almost inexhaustible; from great man-made reservoirs to vast natural 
swamps; and from sprawling metropolitan and industrial centers to large plan- 
tations- -Georgia 's water resources image is indeed diverse. 

The P.L. 88-379 program in Georgia has been based on the facilities, the 
competence, and the staff interests at two of the largest units of the University 
System of Georgia- -the University of Georgia at Athens, Georgia, and the Georgia 
Institute of Technology at Atlanta. It is administered through the Water Resources 
Center at the Georgia Institute of Technology, 

The P.L. 88-379 program has stimulated increased emphasis on water resources 
research and education at the participating institutions. No overt attempt has 
been made to reshape institutional programs specifically to satisfy research 
priorities associated with the OWRR program. Nevertheless, allotment funds, 
augmented by State support, have been used to attract previously uninvolved compe- 
tence to water-related activities. During the past year, faculty members from 12 
major divisions at Georgia Tech and 7 at the University of Georgia were engaged in 
OWRR- sponsored research. Active research projects reflect a remarkable correlation 
with FC9T-C0WR research priorities. This is partly due to the researcher f s prag- 
matic reaction to priorities established by funding agencies. It is also a result 
of the fact that the program includes a considerable number of Matching-Grant 
projects which were selected by OWRR from a much larger number of proposals. 
Included in proposals not approved for funding are some which reflect exceptional 
research competence which is characteristic of the participating institutions. 

This observation suggests that one of the purposes of Federal sponsorship of the 
P.L. 88-379 program should be to combine the best talent and facilities of the 
Nation into a coherent national program of research, It recognizes that diversity 
among our Nation's universities is an asset, whereas conformity, imposed by 
Federal funding patterns, may result in an inferior national program. 

Significant accomplishments of the on-going research program include numerous 
examples of immediate or potential application to local, regional, and national 
water problems. Pioject A-002-GA (Eichholz) , for example, has demonstrated that 
changes in the total concentration of dissol%*ed salts and the relative concentra- 
on of sodium ions in groundwater could be used to increase or decrease a soil's 
mention capacity for certain kinds of waste products. Project A-004-GA (Hewlett) 
nas resulted in a much better understanding of the influence of upland source 
areas on surface and subsurface flows, The results of Project A-006-GA (Carver) 
were of direct benefit in responding to a request from the Governor to evaluate 
the effect of tide-water phosphate mining on the Savannah, Georgia, water supply. 
Another project (B-035-GA, Mar land), has demonstrated that the Georgia estuarine 
environment produces more food energy than any estuarine zone on the eastern 
seaboard. Long-range planning for industrial water use will be greatly facili- 
tated by a study of the water demands of 44 four-digit industries in North Georgia 
(A-014-GA, McGregor) . 

Several Georgia projects have responded to widespread interest in urban water 
resources. Six hundred copies of a report on the relationship between metropolitan 
planning and river basin planning (Project B-009-GA, Kelnhofer) have been distri- 
buted and a second printing is under consideration, Project B-011-GA (North) has 
developed information for estimating domestic water demands as a function of price 
structure and consumer income. Two other projects (B-024-GA and B-045-GA, York) 
will provide improved measures of public opinion and perception regarding urban 
water management issues. 
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Water quality continues to receive major attention. Projects B-012-GA and 
B-027-GA (Flege) provide a basis for estimating the pollutional effects of textile 
dye wastes as a function of quantity of fibrous material processed. Another proj- 
ect, B-020-GA (Eichholz) has developed basic information which will result in 
improved designs for rapid sand filters. Several other projects, in process or 
near completion, have yielded information needed to improve a variety of design 
and predictive processes. 

Guidance for the P.L. 88-379 (Title I) program in Georgia is provided through 
the Joint Tech-Georgia Advisory Committee on Water Resources Research. Extramural 
guidance is provided effectively on an informal basis by maintaining close rela- 
tions with appropriate local, State, Federal, and regional agencies. Evidence of 
such relations is the fact that 16 representatives of 8 different agencies took an 
active part in research-group activities organized around a Title II project 
(C-1323). Additional evidence is the fact that the Director served on an Advisory 
Panel for the Georgia State Planning Bureau and as a Consultant to tho Southeast 
Regional Office of the Federal Water Pollution Control Administration. He also 
directs a research agreement which is administered through the Georgia District 
Office of the U.S. Geological Survey, and he coordinates a cooperative research 
agreement between the Water Resources Center and the Southern Branch, Soil and 
Water Conservation Research Division, Agricultural Research Service, U.S. Depart- 
ment of Agriculture. 

Training, particularly graduate education, is an important by-product of the 
P.L. 88-379 program. In addition, the Water Resources Center at Georgia Tech 
serves as the coordinating facility for campus -wide graduate programs related to 
water resources. During the past year, the fifth and final year of a FWPCA 
training program in Water Resources Engineering was completed, and a new five-year 
grant for training in Water Resources Planning and lUiiagcncnfc was approved. With 
financial support from State and Federal sources, the Center sponsored 13 seminars 
on water resources topics, A similar role of coordination is played by the Water 
Resources Division of the Natural Resources Institute at the University of Georgia. 



HAWAII 



Doak C. Cox, Director 



Water Problems in Hawaii 



In spite of the impression afforded by lush vegetation, record precipitation 
rates in rainy areas, and general excellence of public water supplies, a highly 
developed water-development technology has always been needed in Hawaii to compen- 
sate for high geographic variability in precipitation and for lack of surface 
storage possibilities. Water problems are now compounded by a combination of 
radical economic and political changes resulting ix rapid increases of population 
and urbanization and a shift from an economy based on agriculture to one in which 
tourism is a major base. 

In the large areas being converted from agricultural to urban use, the water 
requirements of areas previously under irrigat Ion may be somewhat decreased by the 
change, but the conservative uses are increased, and in other areas, completely 
new water supplies must be developed. 

The rapidly changing needs intensify inadequacies of the current methods for 
appraisal of the unusual type of water resources in the islands, For example, in 
the major ground-water bodies, the Herzberg lenses floating on salt water, almost 
all of the assumptions required by conventional analytic techniques are violated. 
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The quality of domestic water for supplies has always been of concern and 
enviable standards have been maintained in most systems, but the increased emphasis 
on tourism and recreation has led to a new emphasis on the quality of water 
resources in general. At the same time, increases in population, increased mech- 
anization in the agricultural industries, and increased industrialization are 
leading to rapid increases in pollution problems and potential problems, 

Increasing urbanization has led to greatly increased flood problems, in part, 
perhaps, because of increasing rates of rapid runoff and certainly because of 
encroachment on flood plains and underdesign of flood-passing structures, 

The economics of water-resource development have, in many cases, been poorly 
worked out in the past and the deficiencies are made more serious by the present 
rapidity of changes. Past legal and institutional relationships are also rendered 
inadequate by the changes. 

Scope of the Water Resources Research Center Program 

The future scope of the Water Resources Research Center f s contribution toward 
solution of the water problems of the State is uncertain because of the discrepancy 
between its objectives and the financial resources so far provided fur their ful- 
fillment. The objectives of the Center include its assumption, on behalf of the 
State, of the major responsibility for basic research on the water resources of 
the State. Its State appropriative support has, however, fallen far short of the 
level required to produce a well-rounded program with respect to this objective. 

All of the Center projects contribute toward meeting the problems, most of 
them quite specifically. For example, geophysical studies beginning with a 
shotgun approach (B-0G5, 008, 011-HI) and continuing with concentration along 
especially promising lines (B-015-HI) , are designed to increase ground-water 
exploration capabilities. Studies on water tracing and dating (A-016, 021-HI) are 
intended to contribute to the understanding of the recharge and hydraulics of 
ground-water aquifers and other water resources. Pollution studies (A-001-HI, 

B-010, 012-HI) are laying the basis for an understanding of actual and potential 
pollutants, their paths and fates, the extent of pollution, and possible controls. 
Flood studies have been commenced in a pilot project (B-003, 006-HI) . Studies of 
water-resource economics have been begun with the small-scale methodology study 
on sugar cane irrigation economics (A-012-HI). 

U se of Research Results 

Already some of the results of research are ready for or actually in practical 
use. A study of the troublesome color of domestic waters from rain-forest areas 
(A-013-HI) has clearly indicated applicable treatments, Studies of resistivity 
have not only indicated the applicability of this geophysical exploration method 
under certain Hawaiian ground-water conditions, but have led to application through 
the interest of the State’s Department of Land and Natural Resources and other 
agencies along a considerable part of the dry western coast of the island of 
Hawaii and in the Kau area of southeastern Hawaii to a pilot well-drilling campaign. 
Initial studies of bacterial and viral transmission through soils and rocks 
(A-001-HI) have indicated that, although the bacteria and larger viruses are effec- 
tively removed, the very small Poliovirus Type 2 is not, indicating necessity for 
concern with the quality of domestic supplies from ground-water sources hitherto 
considered quite safe. 

Community and Academic Involvement 



A semi-monthly series of water resources seminars begun by the Center in 
1968-69 proved of considerable interest to the wider community as well as Univer- 
sity faculty and students. After a two-session summary of the knowledge and 
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deficiencies in knowledge on Hawaiian water resources, the series continued on a 
variety of topics ranging from the work on viral contamination to the role of 
industrial-agronomic complexes baaed on nuclear power and water desalting. 

Contributions by members of the Center staff to governmental, professional, 
and community conferences, local and national, are too numerous to detail here. 

The effectiveness of the Center's program has been greatly extended by the 
provision of project support by the State and County agencies, particularly the 
Department of Land and Natural Resources and the Honolulu Board of Water Supply, 
as well as by the Federal Water Pollution Control Administration, which funded a 
major study of estuarine pollution in the State, The community Advisory Committee 
on Water Resources has continued to function effectively but a long- requested and 
a much-needed University coordinating committee has yet to be established, 



IDAHO 



C, C. Warnick, Director 

The University of Idaho Water Resources Research Institute recognizes that 
key water problems facing the State and Region are: (1) the need to determine the 

value of certain rivers for inclusion in the National Wild and Scenic River System 
and the need to perserve water and water areas in a quality state for future gener- 
ations; (2) the impact of large water developments such as Dworshak Dam and the 
proposed High Mountain Sheep Dam on the ecology, economic growth and social patterns 
Of the StatGj (3) the tit ing nnd wisdom of developing irrigable lands in the State 
under the threat of transferring waters to other regions; and (A) the need to study 
the extent and development of ground water with emphasis on the great Snake River 
Plain aquifer. Additional needs center around water quality and retention of a 
pleasing environment through studies of streams and lakes that have been polluted 
and those that might become polluted. Typical areas receiving considerable atten- 
tion in the news and public decision arena are the White Cloud Recreational Area 
in the Salmon River drainage and Mallard-Larkin Pioneer Recreation area in the 
Bitteroot Mountains. Of continuing concern will be problems associated with water 
law, water institutions, and water and land development agencies involving local 
governments, as well as the complex federal-state relations, 

A main thrust of the Institute program will be in studies related to Wild 
and Scenic Rivers as now being funded under Matching Grant Project B-014-IDA and 
supported by the Idaho Water Resource Board, and other state agencies. The 
Institute has organised Scenic Rivers Study Unit to meet this need. This inter- 
disciplinary group includes 'conomiats, geographers, foresters, engineers, and 
biologists working as a unit with graduate students of different professional 
background to study the methodology for evaluating the need and desirability of 
wild rivers. The local, state, regional and national viewpoint is being researched 
on conventional resource items, as well as esthetic and sociological values. 
Professor Warnick, as Institute Director, has been named by Governor Sanwelson to 
serve as the State's representative in discussions on wild rivers. Support from 
the State has been an encouraging sign that the State, with limited financing for 
research, has recognized the importance of this issue. 

Great emphasis has been made to develop capability in ground water studies. 
Project A-021-IDA, a study of the variability of water quality in the unsaturated 
zone of soils above the water table, now being completed, gives insight on movement 
of water to local aquifers. Two other projects directly related to ground water 
were initiated during the year: Project A-023-IDA, concerned with seepage and 

natural sealing phenomenon of silt and biological activity in irrigation canals; 
and Project A-025-IDA, a study of the effect of physical properties of soil on 
ground water movement. 
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Studies concerned with limnology of high mountain lakes, Project A-018-IDA 
completed in the fall of 1968 and Project A-022-IDA completed in June 1969 on 
effects of physical and biotic environment on aquatic insects in the St, Maries 
River, are contributing to a better understanding of ecology in the water environ- 
ment and knowledge of how to preserve water areas for future generations, 

The Institute realizes that part of the program must entail basic research 
and the projects in Forestry are pointed In this direction. A project being 
completed this summer (A-014-IDA) is concerned with the energy balance and 
evapotranspiration processes of forest and range lands of Idaho* Matching Grant 
Project B-009-1DA initiated in 1S68 is a study of a simulation model of intercep- 
tion loss of snow on forest trees* 

A most successful Institute project has been Matching Grant Project B-006-IDA 
conducteu jointly by the Departments of Agricultural Economics and Agricultural 
Engineering, concerned with the relation of pumping lift to economic use of ground 
water for irrigation. Results from this project are already being used by the 
State Reclamation Engineer to establish reasonable levels of pumping lift in 
administration of ground water laws. 

During the year, Institute research and activities have resulted in 19 publi- 
cations and eight theses. One publication, a 600-page two-volume edition, was a, 
Water Inventory of State of Idaho compiled for the Idaho Water Resource Board that 
has become a very useful reference for consulting engineers and government offices 
and has furnished useful information for the framework study of the Pacific North- 
west River Basins Commission. 

A special effort involving the Institute in public education was a short 
course conducted in June on the subject of legal aspects and responsibilities for 
allocation of water resources. This was attended by federal, state, and utility 
administrators from throughout the Pacific Northwest. 



ILLINOIS 



Ben B, Ewing, Director 



Water Problems of Illinois 



Like most humid states, Illinois has more problems in providing maximum use 
of available water than in providing adequate water for man's use. Limitation of 
the Great Lakes diversion makes it mandatory that the state fully develop its 
water resource for use in metropolitan areas. The growing cities, expanding 
industries, intensive agriculture, and plethora of small streams interlacing much 
of the central portion of the state all make pollution control a major problem, 
Illinois ranks very low among the states in development of water-based recreation. 
Major needs are water quality improvement, better long range planning, and institu 
tional reorganization. The state has a generalized conceptual plan for meeting 
these needs; it now needs a detailed project-by-project plan for accomplishing its 
goals. 

Emphasis of Program 

Unlike other states, Illinois has the State Water Survey which is highly 
responsive to the needs of the state. The Water Survey is investigating many of 
the water problems of the state and is developing a model which can be used for 
detailed water resources planning. The role of the University of Illinois Water 
Resources Center is to develop fundamental applied research which will complement 
the work of the Water Survey and provide new knowledge which will refine the model 
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Research is needed on urban hydrology, fate of pollution in small streams, 
impact of agriculture on water quality, water quality control in the Great Lakes, 
advanced waste treatment methods, water quality requirements for recreation, appli 
cation of modern systems approaches to water resources planning, and institutional 
arrangements for management of water resources. 

Each university should exert its research efforts primarily on those research 
needs which it is well qualified to undertake. The emphasis of the program there- 
fore reflects the subject areas for which Illinois universities have become rec- 
ognized as "centers of excellence" as well as the research needs of the state. 

The University of Illinois and the associated state scientific surveys have estab- 
lished expertise in stochastic hydrology, in river morphology, in ground water 
flow, in plant-water relationships, and in the ecology of small streams. The 
University of Illinois is world-renowned in systems analysis and this talent is 
being turned to applications in water resources planning. These six areas of 
expertise will continue to be encouraged* 

Accomplishments 

Professor V. T. Chow has begun to apply his theories on stochastic hydrology 
to water resources planning as a part of an allotment project entitled "Stochastic 
Analysis of Hydrologic Systems" (A- 029- ILL) . He is developing practical methods 
to apply stochastic non-linear mathematical models to actual problems in Illinois 
river basins . 

Mr. John B. Stall is continuing his study of the 'Hydraulic Geometry of 
Streams" (B-023-ILL) which is an extension of his highly successful study of 
Illinois streams (B-005-ILL) to more general application of these empirical rela- 
tionships to other streams across the nation. This is an example of extension of 
the n center of excellence" concept to serve the nation. Professor B. C. Yen is 
also contributing to the study of river morphology through his study of 'Hydraulic 
Resistance in Alluvial Channels" (A-033-ILL). 

Professor E. B. Small is continuing his study of the protozoan ecology of a 
small stream (B-028-ILL) along with oxygen relationship research on the same 
stream by Dr. J. H. Austin and Dr. F. W. Sollo under FWPCA sponsorship and aquatic 
biology studies by Dr. R. W. Larimore. Dr. Larimore is also expanding his studies 
of the Kaskaskia River (B-025-ILL) and has recently initiated a new project 
(A-040-ILL) to evaluate the assimilation of municipal waste in a small creek, in 
the river, and finally in an impoundment. Dr. E. R. Holley is continuing his 
study of reaeration rates in streams by considering the effect of the presence of 
oxygen- demanding material in the water on the rate of transfer of oxygen from the 
atmosphere (A-037-ILL). 

Professor N. G. P. Krausz has completed an exhaustive study of "Intergovern- 
mental Relationships in the Adminis tration of Water Resources" (B-009-ILL). His 
report recommends legislation to improve administrative and institutional struc- 
ture and has been well received by water resources agencies throughout the country 
Professor W. L. Keith is appraising flood plain regulations in five states 
(A-030-ILL). Dr. D. D. Baumann of Southern Illinois University is studying the 
economic and social impact of snow in urban areas (B-032-ILL). 

Professor V. T. Chow is well launched in his study of "Advanced Methodologies 
for Water Resources Planning" (B-030-ILL). He is developing working procedures 
for applying stochastic dynamic programming to practical water resources planning. 
Professor E. R. Swanson is applying linear programming techniques to the optimiza- 
tion of water used for irrigation in Illinois agriculture (B-014-ILL). Mr. G. E. 
Stout and Dr, D, D. Meredith are cooperating in a "Study of the Hydrology for 
Models of the Great Lakes" under a project supported by the Water Resources Center 
from state funds. This is the first step in the development of a management model 
of the Great Lakes which could be a most powerful tool in the long-range planning 
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for this important national resource. Professor Hinomoto is starting ari opera- 
tions research study to optimize capacity expansion for water supply systems. Mr. 
W. B. Betchart, v?ho has been broadly educated in water resources problems while 
working for two years as an administrative assistant in the Water Resources Center, 
is now commencing a syscems analysis approach to the rational design of water 
quality surveillance programs. 



I NDIANA 

Daniel Wiersma, Director 

C urrent and Anticipated Water Problems For the State 

Management of the quality and quantity of water is the primary water 
resource problem for Indiana, Water quality is of paramount concern. The quality 
of runoff waters from both rural and urban areas should receive special attention. 
The effect of degradation in natural lakes, rivers, streams and reservoir waters 
on aquatic lif' . bathetic and recreational values and the various water supply 
user groups is of interest to everyone. 

Flooding along the major streams and rivers is a constant hazard. The 
planning for and construction of structural works is in continual progress, Non- 
structural considerations for flood control have not received their proper 
attention. 

Only in small isolated areas is there a deficiency of both surface and 
ground water for domestic purposes. Further investigations are needed on ground 
water reserves. The integration of the use of both ground water and surficn 
water is considered advisable. In the long run, more development for water supply 
will become necessary. 

Indiana is in the process of formulating a State Water Plan. They are also 
involved in four Type I Basin studies, and one Type II study. The State has as 
an objective the development of its water resources for the most beneficial good 
to its people. 

Research Program for the Center 

Planning for the development of water resources requires information relative 
to runoff occurring from the various watersheds. Stream gaging networks are 
Inadequate to provide all the essential data. Results from Projects B-003-IND 
and B-016-IND will facilitate making estimates on small ungaged agricultural water- 
sheds, while from A-001-IND and B-008-IND a hydrologic atlas with computer programs 
will be available for watersheds up to 300 square miles. Projects B-002-IND and 
B-022-IND concern the effects of urbanization on runoff characteristics of a 
watershed. Water quality of the urban runoff will also be considered. 

The ground water surface of an aquifer can be graphically represented by a 
computer program developed by Project A-006-IND. The procedure uses the same 
basic data as the analog model, but is much less expensive to construct. 

Studies concerning water quality will continue to receive major emphasis. 
Project A-005-IND has studied the persistence of pesticides applied in a water- 
shed. The soil characteristics of a watershed and their influence on sedimenta- 
tion of reservoirs is the objective of Project B-013-IND, Further work will be 
initiated on the quality of rural runoff. The economic analysis of water quality 
control systems will be studied under Project B-020-IND. 
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New emphasis will be placed on interdisciplinary research. A systems 
analysis of a sub-region of the Wabash River Basin will be made under Projects 
A-012-IND, A-013-IND, and A-014-IND. 

Direct Application of Research Findings 

The Dean of Agriculture, Dr. R. L. Kohls, reported some of the results from 
Project A- 005-IND to a five state Governors Conference considering the use of 
pesticides in the Lake Michigan area. In essence he stated that the insecticides 
phorate and carbaryl applied Ir a watershed did not persist at a level high 
enough to affect the highly sensitive test organisms./ 

In Indiana critical shortages of manpower in the water resources 
related occupations are the findings reported by Project A-O08-IND. As a result, 
a new associate degree curriculum has been developed for the training of tech- 
nicians. This program has the acceptance of industry and others interested in the 
hiring of such personnel. 

Other Activities end Accomplishments 

Public involvement by the Center includes such activities as the State Water 
Resources legislative Study Committee, State Water Plan, Interuniversity Council 
for the Wabash Basin, Wabash Valley Interstate Commission, Wabash Valley Coordinat- 
ing Study Committee, and the Great Lakes Basin Comprehensive Study. 

A series of water resources seminars featuring several outstanding men in 
system analysis has resulted in the introduction of a new academic course to be 
offered this coming year. Four other new courses related to water resources will 
also be offered. 

Short courses related to water quality or water utilization are offered 
annually in the Civil Engineering Department. Liaison is maintained with the 
Cooperative Extension Service Specialist's Committees which relate to the **t ex 
re sources . 

Administrative problems include providing Non-Federal money for matching 
grant projects, involvement of social and behavioral scientists in the program, 
the organization of interdisciplinary research, and the participation by other 
Unlverslt les • 

The Center has not supported any regional research. Members from the Center 
have been active in proposals involving the Argonne Universities Association, the 
Corrmittee on Institutional Cooperation, the Great Lakes Basin Commission and the 
Wabash Valley Interstate Commission. 



ICWA 

Don Kirkhara, Director 

In Iowa, as well as in the Nation, there is growing concern about pollution 
of streams, lakes, and reservoirs by agricultural fertilizers coming from 
agricultural lands. Agricultural fertilizers reach the streams, lakes, and 
reservoirs on an areal basis, not as a point source, and therefore they can not 
be incorporated into a point source treatment facility. The following figures 
give a global view of the seriousness of the problem, both in the U.S.A. and in 
Iowa. During the period 1955 to 1965, nitrogen use in the U.S.A. increased from 
less than 2 million tons to 4.3 million tons; phosphorus use increased from 2.3 
million tons of P 2 O 5 to 3.4 million tons of P 2 O 5 . It is estimated that by 1970, 
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the industry will have a capacity for processing about 10 million tons of P 2 O 5 
annually. In Iowa, about 100,000 tons of nitrogen were used In 1960 as compared 
to 540,000 tons in 1967. Phosphate fertilizer used in Iowa increased from 
115,000 tons in 1960 to 350,000 tons in 1967. 

Recognizing the need for interdisciplinary basic and applied research in the 
area of agricultural pollution, Iowa State Water Resources Research Institute with 
other institutes in the region initiated the action for a conference entitled, 
"Clean Water for Agriculture". The conference is scheduled for November 18-20, 
1969. It will be held at Iowa State University, Ames, Iowa, with the cooperation 
of mid-continent state water resources research institutes, and the Iowa Agri- 
culture and Home Economics Experiment Station. The Federal Water Pollution 
Control Administration i 3 also cooperating. The Iowa State University Extension 
Service has served a major role in planning the conference as has the University 
of Missouri Water Resources Research Center. The main purpose of the conference 
is to determine the status of knowledge relating to agricultural pollution of 
surface and ground waters. 

During F.Y. 1969 there were 18 allotment and 5 matching grant research 
projects, all of which were either fully or partly financed by CWRR funds, under 
Public Law 88-379, The following projects have been completed as of June 30, 

1969, and completion reports are being prepared: A-001-IA: jCcugal; A-013-IA: 

Willrich; A-014-IA: Ruhe; A-017-IA: Bachmann; A-018-IA: Barnard; and A-022-IA: 
Dague, In addition, the following projects will be completed during the calendar 
year 1969: A-024-IA: Johnson; B-005-1A: Johnson and Hines; and B-002-IA: Kirkham, 

The above projects resulted in 25 technical publications ,9 M.S, theses, and 2 Fh.D. 
theses. The members of the Institute Council gave 4 talks on State, National 
and International meetings, and served as panel members in State and National 
meetings. The Institute also sponsored three seminars on various subjects related 
to Water Resources. Nine new courses were introduced at Iowa State University 
and 13 new courses were Introduced at the University of Iowa. 



KANSAS 



William L. Powers, Acting Director 

As evidenced by the nature of our research projects, current and anticipated 
water problems for Kansas fall mostly into two categories; the water cycle and 
water quality. 

Potential pollution from agriculture is one of our most serious problems. 

The cattle feeding industry in Kansas is expected to increase greatly in the next 
few years which will, in turn, increase the danger of pollution from feedlot run- 
off. The increased use of pesticides for the control of insects and weeds adds 
more chemicals to the soil and air which may eventually find their way into our 
streams and groundwater aquifers, Ever increasing use of chemical fertilizers 
containing nitrates, chlorides, and sulfates increases the possibility of ground- 
water contamination. Disposal and treatment of wastes from municipal and urban 
fringe areas also continues to be a problem. 

We have had several projects designed to characterize and eliminate these 
problems. Research from project A-008-KAN showed that the quality of feedlot 
runoff was quite variable and was greatly influenced by temperature and rainfall 
rate, but relatively unimportant were the manure thickness and frequency of lot 
cleaning. Further research on the feedlot problem is being done under projects 
A-015-KAN, A-029-KAN, and A-026-KAN which plan research on treatment techniques 
and pollution effects on wildlife. Projects A-Q16-KAN and B-007-KAN are designed 
to study nitrate and pesticide movement in soils. Results from the completed 
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project A-016-KAN show accumulation of nitrate in soils under feedlots and areas 
where large amounts of nitrate fertilizers have been added. Urban and municipal 
water quality problems are being studied under projects A-030-KAN,A-031-KAN, 
A-028-KAN and B-015-KAN which deal primarily with water treatment and quality 
prediction. 

Research on the water cycle has been centered around water movement in 
porous media, water recharge and water loss by evapotranspiration. Mathematical 
computer models have been developed for water flow from research on projects 
A-018-KAN and B-011-KAN. Further research on such models will be done in project 
B-018-KAN which will include the evapotranspiration process. We presently have 
three projects A-005-KAN, B-010-KAN and A-022-KAN for studying water use by plants. 
The first two of these are aimed at reducing water loss from evapotranspiration. 
Project A-021-KAN is directed toward finding a means of recharinging ground-water 
supplies by putting extra irrigation water from furrows In a pit to sup back into 
the soil and back to the groundwater. Results from computer models are now being 
used to predict water movement as in recharge experiments. 

Some of the other activities and accomplishments involved regional conferences, 
A project leader and his student attended the Evapotranspiration Conference at 
Lincoln, Nebraska planned during the regional institute directors’ meeting last 
year. Plans are being finalized for a seminar at Air?**, Iowa on M The Role of 
Agriculture in Clean Water." In addition* the directors of several regional 
institutes contributed to a seminar on '’Modifying the Soil and Water Environment 
for Approaching the Agricultural Potential of the Great Plains." Also, the 
Director of the Kansas Water Resources Research Institute (KWRRI) has close 
liaison with the Water Resources Board of Kansas, The director has talked with 
the Kansas Irrigation and Reclamation Association on evapotranspiration and has 
conferred with the Riley County Commissioners on problems of waste disposal in 
the Tuttle Creek area. 

The director of KWRRI has been instrumental in the development of new micro- 
c 1 tnvi to logy courses at Kansas State University, He has also helped to organize 
and select the staff for a new Evapotranspiration Laboratory. 

As indicated above, we feel that KWRRI has taken an active role in water 
resource,! research and planning both on a local and regional level. We all feel 
that Public Law 88-379 is of great benefit to Kansas and the surrounding region. 



KENTUCKY 

Robert A, Lauderdale, Director 

Aside from problems of flood protection and problems arising from surface 
raining operations, Kentucky's problems, as well as her greatest opportunities, lie 
in planning the development and conservation of its water resources* One of the 
state's most pressing problems is How to alleviate the poverty which persists in 
much of the state. With proper development and management it may be possible to 
use water as one of the tools to upgrade the economic and social conditions of 
these regions. 

Roughly one-half of the Institute's projects are concerned with the economic 
and social benefits to be derived from water resources development. Project 
A-006-KY (L. D. James), entitled "The Economic Impact of Flood Control Reservoirs", 
has multiple objectives which include the effects of large reservoirs on local 
employment patterns, changes in land use, economic losses from the innundation of 
valuable land, and income redistribution resulting from the reservoir. The final 
report will attempt to provide answers to such questions as what economic benefit 
results from reservoir recreation, vhat value should be placed on the hardships 



Imposed on people who lose their property, how can reservoirs be operated to pro- 
duce more benefits, and how effective are water projects In helping low Income 
families to Improve their position. Project B-015-KY, "Measuring the Intangible 
Values of Natural Streams", will continue and expand on the work of A-010-KY. It 
complements some of the work being done In project A-006-KY. The major emphasis 
Is on the esthetic and recreational value of streams. The project rhould be of 
value to the Kentucky Commission on Wild Rivers as well as to others who have 
jurisdiction over the preservation and conservation of recreational areas. 

Two projects, A-020-KY and A-022-KY are concerned with the problems Imposed on 
people because of forced migration and on the cultural changes resulting from water 
resources development. Since a major part of the work Is to be done during May and 
June, the results are not yet clear. However, It Is Important that the long term 
effects of reservoir development on the people most affected be considered, and 
these studies should provide the kinds of Information needed to do this. The long 
range results should be the development of Improved techniques of evaluation and 
planning to Insure that this group of people will not suffer as the result of being 
forced to relocate. 

Two projects concerned with the growth of algae have economic significance to the 
state, since algae growths are a potential problem In lakes which have been created 
for recreational and other uses which require water of high quality. A-018 -KY Is a 
study of Inhibitory compounds produced by algae, with one of the objectlvea being 
to Identify the chemical nature and action sites of these compounds. With this 
Information It may be possible to synthesize similar compounds which could be used 
to help control algae In water supplies or recreational reservoirs. Project 
A-022-KY Is concerned primarily with the re-cycllng of nutrients through the de- 
composition of dead algae cells, a process which le responsible In part for the 
recurring blooms which plague many lakes. A somewhat related, but much broader 
project Is B-005-KY, an ecological study of a water to be Impounded. The objective 
of the project Is to develop a predictive model which can be used to forecast the 
changes In quality which may be anticipated after a water Is Impounded. 

The Institute has continued Its efforts to expand its program beyond tha Uni- 
versity of Kentucky campus. This past year all of the universities offering gradu- 
ate programs were Invited to submit proposals for research. Although none were 
submitted for FY 1970, some response Is expected for FY 1971, particularly In the 
areas of ecology and economics. The Institute sponsored two seminars for the 
Kentucky Water Resources Council, at which the results of Institute projects were 
discussed. The chief benefit from these talks has been to establish a closer re- 
lationship between state and federal agencies and the Institute. By presenting the 
work of the Institute to the council, It Is hoped that the interaction between the 
state and the Institute can be enhanced, and that the Institute will be better able 
to assist In solving the state’s problems. 

The types of research which are supported by the state institute do not often 
lead to results with Immediate and definable application. The demand for Institute 
reports, however, Indicate that the results of our projects are being studied and 
perhaps used by a large number of agencies. The benefits from OWRR projects will 
be cumulative and should not b?. expected to apply to a specific local problem un- 
less the project was designed to be restricted to a single application from Its 
Inception. 

No significant problems have been encountered in the administration of the 
Institute program. However, projects In engineering and the physical or natural 
sciences have been particularly hard-hit by the Selective Service, and no relief 
Is apparent for FY 1970. No significant changes have been made in the composition 
of Institute's committees or in the level of support provided by the state. 
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LOUISIANA 



Elvin J« Dantin, Director 

The principal research projects funded by the Louisians Institute possess 
clearly defined objectives In the field of water resources development. These 
objectives, If attained, will be cf practical value to the citizens of Louisiana 
and to people living under similar hydrologic and hydrogeologic circumstances. 

A number of the Institute's projects , while planned for their relevance to the 
citizens of Louisiana, reach far beyond the state's confines. One such project 
deals with the storage of fresh water In saline aquifers. 

Fresh Water Storage In Saline Aquifer s 

In 1965, one of the first projects proposed to the LWRKI was a laboratory 
study, to be supplemented and expanded by development of a model for digital simu- 
lation, of (he storage of fresh water In an aquifer containing brine. The fresh 
water would be Injected so as to displace the connate water of the formation. The 
study, by Dr. Oscar K, Klmbler (A-002-LA) proposed to alleviate a situation en- 
countered by the Inhabitants of low-lying, swampy coastal areas t the construction 
of a reliable, year-round, water supply. In Such areas, the surface water re- 
sources become brackish or salty In the low-flow period of the streams, and the 
underlying water-bearing formations contain brine instead of potable water. Be- 
cause of this, It is believed that the coastAl areaa have never reached their full 
development potential either as industrial or recreational areas. Such circum- 
stances exist throughout the Gulf Coast of Louisians. The Immediate application 
of prelinlnsry results of the study for the town of Empire, Louisiana shows the 
relevance of the investigation. 

In FY 1969, Dr. Klmbler's study was extended (A-Oll-LA) to cover the effect 
of dip on the efficiency of the cyclic process of Injection, storage, and offtake. 
Although the attempt to Incorporate dip In the model proved to be Isr more diffi- 
cult than anticipated, some progress was made In FY 1969 In overcoming the obstacles* 



A project completed In FY 1969 that may Influence events far beyond the bound- 
aries of Louisiana la a study of the evsllablllty of manpower for wster resources 
research <A-015-LA), Dr. James E. Lewis, who made the study and supports his 
thssis with numerous anslyticsl statistical tables, contends that the outlook for 
manpower Is not bright because of the limited supply of people with the requisite 
Interests snd abilities to do resesrch snd the Intense competition for precisely 
this type of personnel. 

Amelioration of Subsurface Salt Wat fit Encroachment In Baton Rouse 

The Baton Rouge multldl clpllnsry project (A-001-LA, A -004 -LA , B -001 -LA , 
d-002 LA, B -00 3 -LA, B -004-LA, and B -005 -LA) shows that tbe encroachm\nt of salt 
water In the aquifers underlying Baton Rouge can be stopped by the .ons tract ion snd 
operation of t«o strategically placed scavenger veils to pump saline wster to waste. 
Another result of the stud/ was the analysis by Professor R» 0. Katmann of U9C snd 
Geological Survey data on the 1964 levelling, which shoved that the land surface in 
Baton Rouge Is subsiding) the Implication Is that the net offtake from the aquifers 
must bs reduced if Houston's experience with land surface movement Is to be avoided. 

An outstanding dissertation scheduled for Bulletin publication la "Economic 
Aspects of GroufKi-Wster Basin Control," by L. H. Falk (B-O05-LA), which has furnish- 
ed s procedure for evaluating • recharge project and rationally determining how snd 
when the costs should be paid. Although the work Is the basis for the economic 
studies of the Baton Rouge mult ldlsclpllnsry project, It la expected to influence 
the thinking of leaders In man/ treat faced with the management of ground-water 
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basins. A portion of the study Is devoted to a detailed, concrete analysis of the 
Los Angeles situation, a recharge project now operating. 

As a direct result of the Baton Rouge project, Professor William A. Wintz, Jr. 
(A-020-LA) has started to run first order levels through the area of subsidence and 
to attempt to correlate changes in land surface elevation with changes in water 
level in the several water-bearing formations. The results of this will help de- 
termine the pace at which importation of additional water to the Baton Rouge area 
should occur. 

,^ntl-Pollutlon 

TVo projects of interest to the citizens of Louisiana concern pollution. 0 le 
(A~019-LA) is a study of the efficacy of pollution abatement efforts in the Lake 
Pontchartrain area by Dr. Daniel Stem of LSUNO. The other, by Professors Charles 
W, Wilson and K. E, Beckett of Louisiana Polytechnic Institute, would decrease 
river pollution by utilizing paper mill waste for the irrigation of hardwood. An 
offshoot of this project and its predecessor (A-C09-LA) was a successful symposium 
on the use of effluent from municipal sewage plan's for the dual purpose of abating 
pollution and irrigating crops, held in Ruston, Louisiana, in July, 1968. 

The Institute published, though did not sponsor, sn edited version of a dis- 
sertation by Dr. Paul H. Jones which present d a new and original synthesis concern- 
ing the occurrence of fresh water at depth and the genesis of brines and geopressure 
zones in the deeper sediments of the Gulf Coast. Three additional theses resulting 
from research sponsored by the Institute (A -004 -LA, B -004 -LA, A -007 -LA, and A-009-LA) 
were completed during FY 1969. 

In sum, the now well-established Louisiana Water Resources Research Institute 
has an ovtral! balance aheet weighted heavily on the riccesaful side. In the 
future, as in the past, projects will be selected for their relevance and potential 
usefulness. 



KA1HB 

Edgar A. Imhoff, Director 

Water, Pro bl eat of Maine 

It 1. th* policy of the Center to seek declaration of new problems snd redefini- 
tion of "old" problems on • somewhat continuing b.ai*. Thereby, relevant reaearch 
topics ara uncovered and progreaa la acaled against. work to be accomplished. 

The aailtl-lnterast Advlaory Coaalttee of the Center focuaed on water problem. 

In Ita annual aeatlng. In addition, problea-dlacuaalvn lntervlewa were held with 
technical personnel of twelve agenclea, four unlveraltlea and three private organ* 
laatlons. Thirty-aix seemingly valid water problem were cited. 0ne*h.lf of the 
cited probleaa were related to water quality management and protection, FCST V. 
One-fourth of the problem, were related to water reaourcea planning, FCST VI. 

Comenta solicited by the Center reflect e majority opinion that Maine's great- 
eat water problem la the actual and potential deterioration of the quality of the 
water envlronaenta. Many knowledgeable Individuals are concerned especially with 
restoring or preserving the quality of Kalne'a 2,500 freshwater lakes. Research 
water resources planning la of great urgency In Kafne because of socio-economic 
factora which seem to dictate a need for the accomodation of economic growth— a 
growth that probably will Include heavy metal mining, petroleum refining, thermal 
and nuclear p<w*r development, and Increased production of pulp and paper products. 




HI 



Thrust and Relevance of the Center Program 



An adopted policy of the Center's Executive Committee, urging environmental 
quality studies, Is reflected in the fact that all but one of the ongoing and pro- 
posed research projects are concerned with water quality. Ihe biological effects 
of pollution 1:| estuaries Is being Investigated In A-011-ME. Dr. David Dean, 
Director of the Ira C. Darling Center states that project results will be valuable 
In predicting biotic changes resulting from increased or decreased pollution loads. 
Dr. Otis Sproul's Inquiry Into adsorption of viruses on mineral surfaces, A-013-ME, 
promises to reveal data which will support the design of Improved soli adsorption 
systems. Four ongoing and scheduled projects focus on lake water quality. Dr. 
Wayne Hall Is leading an investigation (A-014-MB) which has demonstrated to date 
that septic tank systems do not effect significant removal of nutrient substances, 
and--in fact, may encourage eutrophication by the conversion of Insoluble forms of 
N and P to soluble forms. This study will contribute useful data to planners and 
water polltulon control authorities. In May, 1969, a companion study (A-015-ME) by 
Dr. Hall was Initiated to explore the causes, effects and control of eutrophication 
on several case-study lakes, with the objective of providing to engineers and plan- 
ners Information which will be highly useful In designing land use controls, water 
control facilities and remedial legislation. A new study (A-016-MB) by Dr. Lotse, 
should be of great significance In clarifying the effect on the eutrophlcAtfon pro- 
cess of retention of phosphorus in lake sediments. Dr. Stephen Norton will lead a 
new inquiry (A-017-ME) which will have practical Implications in the prevention or 
management of algae problems of lakes* Improved techniques in the modeling of 
physico-chemical water quality conditions In a tidal river has resulted frou an 
investigation (B-003-MB) led by Dr. Edward Bobalek. 

State Highway officials h*ve responded affirmatively to results of project 
A-007-MB which Indicate a substantial build-up of sodium in roadside soils aid 
chlorides In some roadside wells as a result of salt applications for de-lc3(>g. 
Further Inquiry by the principal Investigator, Dr. Fred Hutchinson, Is being 
supported by Federal Highway funds. 



Other Activities and Accomplishments 

Although the efficient execution of problem-related research Is the major 
contribution to be made by Center programs, we are very much concerned with dis- 
seminating research results in a manner enhancing public education. Accordingly, 

In FY 1969, we (1) Initiated a newsletter having a circulation of 300, (2) addressed 
several service groups, (3) cut a radio tape on water problems, (6) accepted atudy 
responsibilities on the Governor's Task Force on Environment, (5) convened a special 
technical committee to study the problems of the Penobscot River basin, with the 
objective of energising an engineering planning study, and (6) designed « seminar 
to bring private consultants, state agencies and research together for a beneficial 
exchange on the subject of the Research-Planning Interface. 

Regional cooperation la particularly Important to Maine which- -although some- 
what isolated geographlcally--faces many problems common also to the more developed 
portion of New England. Accordingly, the Center has participated In the planning 
of a national conference on Ecological Considerations In Water Resources to be held 
In Boston on Nov. 4-5 under the sponsorship of the New England Council of Water 
Center Directors and the New England River Bsalns Commission, Additionally the 
Center attended a meeting of the Directors of the Northeast States Centers at which 
research and planning programs of Federal agencies were presented. We find the 
maintenance of communication with ottar Center Directors of great value In stimu- 
lating and Improving our own research. 



MARYLAND 



R. L. Green , Coordinator 

The regional climate generally favors Maryland with respect to available water 
r p^- ^ s • However, from even casual study of the concentration of population, It 

it s that major problems relate to quality, spatial distribution and insti- 

tutional arrangements for management of water resources. In I960, 80 percent of 
the State's 3,100,000 people lived In the MEIR0 MARYLAND area encompassed by the 
Annapolis -Baltimore -Washington triangle; all projections point to further demo- 
graphic Imbalance. Simultaneously, with Its direct needs for water, this popula- 
tion plus that of the nearby Eastern Seaboard has time, money and desire for water- 
based recreation. The quality of water for fisheries and recreation, the need of 
channels and harbors for shipping, the need for water for Industrial uses (especial- 
ly cooling) and the use of streams and bays for effluent disposal summarize the 
diversity and conflicts In needs, uses and vested Interests. 

Since Inception of the Center's program In May 1965, the primary research 
effort has been related to water quality. Some research has been directed at 
water resources systems Including analog simulation, hydrology and recreational 
u6ea. The last project Initiated In FY69 Is related to private and public Inter- 
ests and management systems. A matching fund project has been approved to Initiate 
an economic study In FY70, 

It Is the Center's concept that annual allotment funds and, to a lesser degree, 
matching funds should be considered as "seed money. 11 In two Instances to date, 
this has been completely successful; work Initiated under Projects B-001 and 8-002 
pertaining to enhancement of recreational uses of the Chesapeake Bay through study 
of sea nettles contributed data for Congressional hearings leading to direct appro- 
priations for Sea Nettie Research; similarly, work Initiated under A-004 pertaining 
to disposal of swine wastes, although producing Inconclusive results, provided 
guidelines for a more comprehensive project funded by FVPCA and the Maryland Agri- 
cultural Experiment Station. 

The outstanding example of Immediate applicability of research continues to be 
from Project A-002, concerned with effects of thermal loading on an estuary. 

Rather large scale field studies with State financial support were In progress by 
the University's Natural Resources Institute when the Center was organised. Center 
funding enabled complementary laboratory studies. Data from field and laboratory 
were useful to the Maryland Water Resources Department and Comission In adopting 
Wate.* tyiailty Standards In 1967. Experimental procedures provided data on the 
effect of exposure of aquatic organisms to elevated temperatures for 24 hours. 

When an appropriation permit application to the Department of Water Resources for 
a new power plant indicated elevated temperatures for very short periods of time, 
a new series of laboratory ecology studies of shorter exposure were Initiated. 

The Center sponsored two public meetings In FY69. At the first, Maryland 
Water Resource Research Needs, representatives of State and Federal agencies con- 
cerned with water resources discussed "Needs" from their respective viewpoints. The 
second meeting vss the Fourth Annual Program Review at which progress veports were 
given by Investigation leaders to an audience of faculty, students and agency 
representatives. 

The Center became a co-sponsor with NSF in the support of a Thermal Workshop 
at Solomons, Maryisnd, November 3-7, 196$. This Workshop was attended by approxi- 
mately 200 scientists and engineers from about 20 states and seven other countrlee. 
It was recognised as a UnlteC States contribution to the Internet lonsl Biological 
Program. 

During FT69, a graduate program in Agricultural Engineering was approved offer- 
ing another opportunity for advanced graduate study and research In a discipline 
concerned with water resources. Included in this program la the opportunity to do 
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research In aquacultural engineering and what is believed to be the first formal 
course in this subject is scheduled in the Spring Semester 1970, The Interchange 
of knowledge, concepts and Ideas between faculty members from Its Interdisciplinary 
program greatly facilitated development of the substance and need for this new sub- 
ject matter area* The first research project under thla program, funded by the 
Maryland Department of Chesapeake Bay Affairs and the Bureau of Commercial Fisher- 
ies, JSDI, Is a study of applications of engineering In the harvesting and process- 
ing of oysters. 

During FY69, 12 faculty members were active as Investigation leaders assisted 
by 14 graduate research assistants. One (A-002) graduate student In Zoology re- 
ceived his Ph.D. degree and one (A-009) In Microbiology received her M.S* degree. 
Since 1965, a total of 24 faculty members have been Investigation leaders and 23 
graduate assistants have received support from Center projects. 

Liaison with State and Federal agencies has been maintained through meetings 
previously cited, by faculty participation In the Governor 1 ® Conference on the 
Chesapeake Bay In September 1968, the Annapolis Hearing of the National Estuarine 
Pollution Study where Dr. L* Eugene Cronin was a member of the Expert Panel; Dr. 
John H. Cumberland of the Interdisciplinary Advisory Committee volunteered a pre- 
pared statement; Dr. Gordon M. Cairns apoke for the State Soil Conservation Com- 
mittee; and Dr. R. L* Green spoke of University-wide Interests and viewpoints. 

In addition to my University duties as Coordinator of the Water Resources 
Research Center and Head of the Department of Agricultural Engineering, 1 have been 
a member of the Maryland Water Resources Commission and have attended Its monthly 
meetings since t964* In December 1968, I was appointed by Governor Agnew aa Chair- 
man of a nine-man Water Sciences Advisory Board whose function Is to consult with 
and advise agencies concerned with pollution abatement. The frequent contacts with 
State natural resource agency personnel facilitates coordination and Information 
exchange. 



MASSACHUSETTS 

Warren Lltsky, Acting Director 

Five major problems currently concern and will continue to concern the State 
of Massachusetts! 

1. Protection and prudent use of lakes* 

2. Protection and prudent use of major streams flowing through metropolitan 
areas. 

3* Improvement of methods for planning optimum use of small Independent 
watersheds. 

4. Cleansing and protection of estuaries* 

5. Protection of valuable wetlands. 

The follcwlng research being conducted by this Center la directed to the above- 
described needs! 

Arr*at_of, Eutrothlcatlcp 

Project B -00 5 -MASS seek* to find w.jr, to eliminate bottom deposit* In lake* .* 

. major factor In l*k« pollution and eutrophication. Project B-006-MASS 1* direct* 
ed to the possibility that controllad Intervention Into lake microbial proceaaea 
•ay suggest practicable ways to atreat the formation of troublesome algal bloc**. 
Project A -023-MASS seek, to determine whether rooted aquatic planta aay ba uaaful 
In trapping nutrient material* In the lake. Project A -018 -MASS la concerned with 
the development of practice! waya of utllltlng apeclal lon-exchange realna to re- 
move exceaalve plant nutrients In the leke water. 
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Stream Resource Planning 



Project B-011-MASS is directed to'the development of methods for planning and 
designing metropolitan area water pollution control systems. Project 8-003-MASS is 
directed to an examination of the attitudes of decision -makers In respect to water 
rights conflicts as a basis for clarifying the processes by which water resource 
management Institutions are evolved. Project B-015-MASS represents an examination 
of the historic Interactions of an urban river and the culture of the population 
residing on Its watershed as a basis for Improved understanding of deep-rooted 
attitudes and traditions affecting the dec is Ion -making process. 

Protection of Wetlands 

Project B-010-MASS Is directed to a study of the Impact of highway construction 
on wetlands impairment or formation with the objective of (1) developing pro edures 
for controlling adverse effects, and (2) recommending ways In which the affected 
wetland,' or a newly formed wetland, may be so structured and managed as to represent 
a regional resource. Project B-012-MASS seeks first to characterlee the wetlands 
pf Massachusetts, second to Identify and Interrelate the Important factors influ- 
encing wetlands preservation, and third, based on this knowledge, to evolve a 
practicable system for management of wetlands. 

Planning Optimum Use of Small. Independent Watersheds 

Project B-004-MASS represents a study of alternative water uses and management 
practices and seeka to develop a general model for determining that combination of 
water uses and management practices that will produce the greatest economic benefit 
to the watershed. 

Several projects provide knowledge applicable to all problem areas. Project 
B-008-MASS seeks to establish an Improved technique for determining and predicting 
watershed response to hydrologic Influences. Project A -024-MASS Is analysing die- 
continuities In regional population prolections as a basis for evolving an Improved 
technique for making such projections in an uncertain future. 

Beneficial results do no necessarily await the completion of the research 
project. For example, Project B-008-MASS has already produced more reliable In- 
formation than had hitherto been available to consulting engineers and planners 
concerned with the hydrology of Massachusetts watersheds. In fset, each of the 
above projects has had some Influence In shaping the thinking of water resource 
planners by drawing these Individuals into seminar discussions and related re- 
search. Project B -003-MASS has had an Interesting Influence In stimulating water 
works operators In Massachusetts to think about existing or probable water rights 
conflicts. This project, which utilised a questionnaire in Its early stages, 
reached every water works operator In the State, and It has had an excellent re- 
sponse. Project A -001 -MASS has been of use to planners by throwing cold water on 
the Ides that farm ponds could serve as recreational waters. This project has had 
an Important secondary effect in that It la providing the Center with the basis for 
a classification of all lakes and ponds In Massachusetts which will, wa believe, 
represent the most complete and valuable data base for lakes yet developed in this 
ares. Project A-022-MASS, a short Intensive study of attitudes of decision-makers 
in the Springfield metropolitan ares in regard to water pollution control, evoked 
a great deal of interest. It appeared to Impress the news media In this ares with 
the significance of the diverse and often hidden factors that go Into shaping Im- 
portant attitudes and traditions. Project A-019-MASS demonstrated with some impact 
the ha tar d of using chlorinated hydrocarbon pesticides on land where drainage or 
wind could carry this toxic material to breeding areas of valuable marine aquatic 
forms. Project A -00 5 -MASS provided a technique for water conservation that la 
adaptable to efficient use of water In harvesting of cranberries. This technique 
la now being used In cranberry producing areas of Cape Cod. 
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The Acting Director of the Center has met with the Water Resources Commission 
at its monthly meetings to maintain a continuing liaison between that official 
agency and the Water Resources Research Center. Principal Investigators have 
contributed widely to public understanding through participation in conferences 
and seminars, and through public talks. However, while the Center's program has 
been expanding, It like most University components, has been adversely affected 
by recent action of the State legislature in respect to appropriations. 

The Center haa continued to participate in the work of the New England Council 
of Water Center Directors and currently is Involved in a joint effort to develop an 
administrative framework in which regional research may be roost effectively conduct- 
ed. 



The Center has established a policy of aeeking to strengthen the activities of 
water resources research in other educational institutions of Massachusetts and in 
line with this desire, it has established Joint projects with Springfield College 
(Surface Waters of a Small City); Smith College (A Study of Vascular Plant Flora in 
a Small River and its Floodplain); Northeastern University (Estuarial Studies). It 
is hoped that through a system of Inter-University cooperation within Massachusetts, 
educational and research programs will be Jointly strengthened and enhanced* 



MICHIGAN 

Robert C. Ball, Director 

The State of Michigan is unique in that nearly 35 percent of all the freah 
water of the United States occurs within its boundaries. Michigan's 11,000 lakes 
and 35,000 miles of streams constitute a vast economic and recreational resource of 
national importance. (Air problems are not primarily of quantity of water available 
to meet demands} rather, they are concerned with strict attention to the maintenance 
of high levels of water quality in the many Internal and peripheral waters. 

Since almost all of Michigan's rivers arise within the state and empty into 
the Great Lakes, all the nutrients, sediments, snd other pollutants put into the 
streams eventually reach one of these Important bodies of water. The disastrous 
results of pollution in Lake Erie are well documented. It is estimated that the 
turnover time of water in Lake Michigan may be as long as 100 years, thus, the 
threat of pollution to the lake is even greater and of more urgent concern. . 

The Institute's Advisory Committee recommends strong consideration of projects 
concerning nutrient input into the lakes and its relation to eutrophication. This 
decision is reflected in both the past year's projects and those for the forth- 
cooing period. We believe these studies will contribute to the effort to solve the 
problens of envlionmental contamination and degradation* 

During the past year the Institute has funded several projects with direct 
bearing on this problem. These Include sn in-depth look at the bscterlal and viral 
aspects of water quality through Projects A-026 and A-027* The Michigan Institute 
supports studies of the movement of nutrients from land and the streams into Lake 
Michigan under Projects A *02 2 and A-023. From these come data showing that the 
streams entering Lake Michigan from Michigan's lower peninsula contribute over 
11,000 pounds of phosphorus per day* These data contributed to the decision by the 
• tate regulatory agency to require B0 percent removal of phosphorus from sewage 
effluent by municipalities in the Lake Michigan drainage basin by 1972 » 
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Strong 1 .? related to environmental contamination la the critical problem of 
pesticide pollution of Lake Michigan* Pesticides underwent biological magnifica- 
tion in the lake resulting In vast salmon stocks being declared unfit for process- 
ing as human food* This year alone, this situation will result in a multlmllllon 
dollar economic disruption and the loss of a vital commercial and recreational re- 
source* Anticipating such a problem, we funded two research projects, A-012 and 
A -029, having a direct bearing on environmental pollution by pesticides. Both have 
been productive projects and A-012 has resulted in the development of a procedure 
of using living freshwater mussels as an In situ bloassay for pesticides that will 
probably become a standard procedure for the Interstate surveillance of waters flow- 
ing to Lake Michigan* 

Singly, and In cooperation with other agencies, we have sponsored basic ecolog- 
ical studies on the Interactions of environmental stress on streams and lakes 
(A-023, A-030, and A-031) which will, as they progress, develop a store of basic 
knowledge that can be translated Into action programs* 

The Importance of water resources In heavily urbanised areas Is reflected In 
our funding of a study of the bedrock delineation of groundwater resources in the 
Detroit metropolitan area, Project A-011* 

Our staff continues to be actively Involved In both public and academic educa- 
tional programs reflecting the Institute's commitment to help Inform the public 
In the area of water resources* To indicate the scope of the direct citizen educa- 
tional aspect of this function, Institute personnel gave 30 speeches to such diverse 
groups as the Junior Chamber of Commerce, the Lions Club, and the Audubon Society. 

In addition, many Individual laymen and professionals have received a wide variety 
of water resource Information in response to their personal Inquiries* More formal- 
ly, the Institute cosponsored a two-day, state-wide Conference on Waste Stabilization 
Lagoons In cooperation wlch the Michigan Department of Public Health* Cooperation 
on a regional level has been on an ad hoc basis* For example, by Invitation, Insti- 
tute personnel participated In the workshop on system analysis of the Great Lakes 
that was sponsored by the Great Lakes Basin Commission* 

The Michigan Institute of Water Research continually serves as an example of 
the seed-grant philosophy used in the funding of Cft/RR grants* The fact that the 
Institute Is a part of Michigan State University results In Its support by univer- 
sity funds at a level that exceeds, considerably, the total support from the Allot- 
ment Grant. Because of these bases of support, the Institute now serves as a focal 
point for research funding of water resource projects by municipal! ties, chemical 
Industry, watershed groups and others in addition to OWRR sources* An Important 
new, Industry-sponsored project Is a long-term study of the effects of thermal 
pollution from both fossil fuel and nuclear -powered electric generating plants* 

This contract probably will be extended to Include a study of radionuclide contam- 
ination of receiving waters* All non-OWRR funds, handled directly through the 
Institute, are now at the level of $250,000 per year and we believe ve have now 
developed a staff, facilities, and contact base that will enable us to extend this 
to a ouch higher level* 



MINNESOTA 



William P* Walton, Director 

Fast development and management practices In Minnesota, as substantial as they 
are, have not kept pace with the steadily growing demands placed upon water and 
related land resources. With the prospect that within 50 years water and related 
land resources demands and needs may approach or exceed the availability of re- 
sources and existing facilities in some areas, the State cannot expect to continue 



to avert critical problems without an acceleration in resource development and 
management. Minnesota, with proper development and management has sufficient water 
and related land resources to satisfy future demands. 

The Center's program in Ff 1969 was directed toward: establishing a practical 
baseline of water quality for Lake Superior through use of the continuous plankton 
recorder technique (A-011-MINN) ; analysis of existing legislation to determine means 
for improving water laws In Minnesota (A-015-MINN) ; ascertaining the physiological 
and ecological requirements of the algae responsible for severe blooms on lakes 
(A-016-MINN) ; determining methods for rainfall-runoff predictions on ungaged small 
watersheds (A-017-MIHN) ; reconciling water quality management with ecological and 
social-economic objectives (A-018-MINN) ; formulation of an optimizing model for water 
quality on selected stretches of the Upper Mississippi River (A-019-MINM) { analysis 
of hydrologic programs for determination of design floods and for design of spill- 
ways and related structures (A-020-MINN) ; Investigation of soil dynamic changes to 
assist in solving water problems (B-005-M1NN) ; determination of tunoff-titce distri- 
bution for a variety of watershed sizes and slopes (B-007-MINN) ; determining the 
role of bottom sediments In the phosphorus cycle for lakes of different types 
(B-009-MIHN) ; development of techniques where algacides might be used to control 
pollution In reaches of the Upper Mississippi River (B-010-MINN) ; development of a 
mathematical model to predict the role of surface runoff and groundwater flow in 
overfertllltatlon of surface waters (B-012-MINN) ; Investigation of mist Irrigation 
In potato crop production (8-013-MINN) ; and Investigation of soil moisture movement 
and retention (B-015-MINN) . 

The Center's program during the next five years Is likely to be directed 
towards: evaluating water resources administration In Minnesota to provide Infor- 

mation for legislative action on reorganization of State Water Resources Agencies 
(A-021-MIHN) ; measurements to assess extent of eutrophication of the vest end of 
Lake Superior (A-022-MINN) ; Investigation of ecology of periphyton In near-shore 
areas of the vest end of Lake Super lor (B-020-HIMN) ; study of citizens groups In- 
volved at the grass roots to Improve water resources environment In four metro- 
politan areas (B-031-MINN) ; determination of ecological conditions In the Mississippi 
River near Montlcello, Minnesota, before and after operation of a nuclear power plant 
(B-032-MINN) ; simulating alternative strategies In locating and financing water recre- 
ation projects In growing and distressed areas; evaluating impact of water quality 
and other factors In recreational use of water areas; Integrated study of littoral 
vegetation and Invertebrate fauna to understand trophic status and effects of pollu- 
tion lake metabolism; studies on behavior of snow packs; sociological studies on 
behavior toward water pollution control; devising methods of reduction of Irriga- 
tion water losses; studies concerning properties of aquifers; determining effects of 
agricultural practices on quality of surface and groundwaters; study of use of State 
Lakes; determining effects of urbanization on water resources; and completion of 
projects ongoing In Yt 1969. 

Results from projects A-O09-MINN on groundwater contribution to streaaflov and 
aquifers, A-OOWtlKH on effect of pothole drainage upon groundwater resources, and 
B-002-MIKN on effect of natural sealing potholes have assisted agencies In preparing 
regional and statewide water resources plans. Information from projects A-007-MINN 
on use of planktonic desmids as indicators of quality of lakes, A-008-MINN on water 
quality and organic productivity of lakes, A-01I-MINN on abundance of net plankton 
as an Index of eutrophication In Lake Superior, and B-001-M1NN on diatoms and zoo- 
plankton in Minnesota Lakes has assisted In devlaing methods to control excessive 
productivity of polluted lakes; results of projects A-010-MIKR on factors affect- 
ing aquifer teat results and A-OU-MIHN on recharge from induced streambed Infil- 
tration have been used In parts of the U.S. and England to evaluate potential 
yields of aquifers receiving recharge from streams; the Corps of Engineers has 
been assisted In development of peak rates of runoff design criteria and flood 
routing procedures by project A-013-MINN on analysis rf runoff from selected 
watersheds and the Weather Bureau has been assisted In flood forecasting activ- 
ities by Information from B-O05-N1HN on migration of moisture In the soil 1 iduced 
by winter thermal gradients. 
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The Center has been helpful in developing 20 new water resources courses, 
a graduate option in hydrogeology, a program of graduate education in water re- 
sources, and recruitment of 21 new faculty members with an active Interest in 
water resources. However, partly because of lack of courses and Interest on part 
of staff in social-economic aspects of water resources, some difficulty has been 
experienced in obtaining sufficient graduate students in the water resources 
program. 

Members of the Center's Advisory Committee and Consulting Council have par- 
ticipated in water resources planning activities of the State Planning Agency. 

The Center Director has served as: Mlnnesota f e Water Resources Planning Director 

(past 2 years) and Governor's representative on Federal-State planning organiza- 
tions. 

Minnesota has provided about $30,000 to the allotment and $49,000 to the 
matching grant programs in 1968. Management of the Center is vested in an 
Advisory Committee headed by the Dean of the Graduate School and made up of 15 
faculty members. A Consulting Council, composed of 20 representatives from 
organizations outside the University, cotinsels with the Center and assists in 
identifying needed research and providing public liaison. 



MISSISSIPPI 



Melville S. Priest, Director 

All nine projects in the allotment program were completed, as scheduled. The 
single matching funds project is scheduled for completion within the next fiscal 
year. From inception of the Institute to the end of FY 1969, the allotment pro- 
gram has Included thirty-one projects. All have been completed, and completion 
reports have been published for all projects other than those completed in FY 
1969. It is anticipated that the completion reports on all projects completed 
in FY 1969 will be published soon after the date of this writing. 

The Institute conducted the fourth annual Mississippi Water Resources 
Conference. The "Proceedings" of the Conference were published and given national 
distribution, tn addition to publications of the Institute, ten technical papers 
related to the Institute's program were presented and/or published during FY J969, 
Several additional papers have been prepared and accepted for presentation and/or 
publication during FY 1970. 

The training of students is an Integral part of the Institute's operation. A 
total of thirty-six students participated in the Institute's federal programs and 
received payment for services rendered during FY 1969. Of these, fifteen were 
undergraduate students and twenty-one were graduate students. Many more students 
in the vatlous areas of the Institute's multidisciplinary programs were Intimately 
aware of its research activities, even though those students had no responsibili- 
ties in connection with the research. 

The Institute maintains close contact with the fifteen private, state, and 
federal agencies represented on its Advisory Council. Contacts and cooperative 
efforts with other agencies are being expanded. For instance, the Fat Harrison 
Waterway District has agreed to provide matching funds for a study to be conducted 
during fiscal years 1970 and 1971. 

In addition to the federal funds available to the Institute, certain state 
funds were available for research, development of facilities, and operation of 
the Institute. Two research projects were supported entirely with state funds. 

One was completed in FT 1969 and the other is continuing. A new building was 
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assigned' to the Institute for development as an hydraulics laboratory. Within 
this laboratory! a wave basin Is now In operation and a recirculating system for 
the study of free surface phenomena Is under construction. 

During FY 1970, nine annual allotment projects are being conducted. It is 
estimated that the Individual projects will have been from 35 to 60 percent com* 
pleted by the end of calendar year 1969. Matching grant projects B-005-MISS and 
B-006-MISS which deal respectively with organization, development, and management 
of community water systems In rural areas, and a case study In the formulation of 
a water resources management plan, are expected to be about 15 to 20 percent com- 
pleted by the end of December 1969. 



MISSOU RI 

George E. Smith, Director 

Missouri citizens have until recent years, given little attention to the 
state s abundant water resources. Only when excessive runoff causes serious 
erosion or flooding on the major streams, when July and August precipitation Is 
inadequate for optimum production of summer crops, or In some rural areas where 
groundwater Is highly mineralized and domestic supplies are Inadequate, has there 
been much public concern. Average rainfall Is ample for the production of grain 
and livestock — the main sources of Income In the state. There Is ample surface 
water for barge transportation on the major rivers. These rivers also furnish 
abundant water for the large growing cities and have been used for waste disposal. 
Changes In work patterns, and more leisure is creating an expanding Interest in 
water for recreation. There is particular interest In utilizing for recreation, 
but protecting, the clear streams of the Ozark region. 

Growing waste disposal problems of the major cities, occasional fifth-kills 
from heavy runoff of large cattle teeding operations or Insecticide spillage and 
concern for eutrophication In ponds and lakes is creating concern about water 
pollution. There Is particular Interest In the contribution of agriculture to 
stream and groundwater pollution, and how control methods will influence agricul- 
tural production. 

The Water Resources Research Act has given new emphasis to water research at 
the University of Missouri. It has stimulated public awareness and provided lncen 
tivas for research that can develop and protect water supplies for future use with 
out the deterioration and problems that have occurred in mai.y of the more popu- 
lated states. 

The four-campus system of the University of Missouri makes it one of the 
largest of the Land-Grant Institutions in the country. Most disciplines, where 
water resources research is normally conducted, are included in departments on 
one or more of the campuses. The demand by the staff for support of water re- 
search projects far exceeds available funds. Because of the widespread research 
interests of capable staff no specific limitations have been placed on the type of 
allotment research projects funded. There has been a trend, however, to encourage 
some water studies that have received but limited support in the past. Both basic 
and applied research la supported. It ia expected that the main thrust of the 
Center's program in the next five years will be in the area of water quality, 
Including research on sources of pollution, techniques that will improve waste 
watar treatment, processes thst will permit new mineral discoveries lo be de- 
veloped without pollution of streams in a region where recreational demands for 
water are increasing, and the contribution of agricultural practices to water 
pollution. 



Some of the early protects initiated with center funds and developed further with 
ther sources of support are becoming useful to the state and region. There is a 
growing demand for more Information than Is available. During the past year the 
individual Investigators, a water resource specialist In the Cooperative Extension 
Service, and the Center Director, have been active in facilitating the practical 
application of research In the State and Midwest through talks, newspaper and 
magazine stories, use of radio tapes, and through television appearances. 

Some of the more useful findings of Center supported research projects are: 

o Natural contents of heavy metals In the clear streams In the Ozark 
region have been determined. Improved methods for removing heavy 
metals from water have been developed. Utilization of these new 
methods will permit development of extensive new lead, zinc and 
iron deposits without stream pollution. (Projects B-017, B-021, and 
A-021-MO) 

o The addition of heat to multiple purpose reservoirs has 
Increased the growth of fishes and extended the recreation 
season. With adequate ratios of water volume to heat added 
by power generating plants there are benefits rather than 
pollution effects. Acid drainage has not been detrimental 
when there Is sufficient dilution. (Project A-020-MO) 

o Techniques have been developed that could increase the 
capacity and efficiency of existing sewage treatment 
plants. (Projects A-010 and A-015-MO) 

o The Missouri Center, working with other programs on both 
the Missouri Campus and with other Midwestern states Is 
developing sound Information on the contrl' Jtlon of agri- 
cultural operations to water pollution. Much of this data 
refutes many unsubstantiated opinions that are now making 
headlines. (Projects A-016 and B-037-MO} and regional 
activities of the Center) 

o Supplemental irrigation Is a growing practice, In this 
humid area, to protect the investment input in crop pro- 
duction. Fundamentals Involved were developed by Projects 
A-003 and 8-Oll-MO. 

o Studies are being conducted that should serve as a basis 
for ft sound water law In the state. (Project A-008-M0) 

o Studies are being made of rural water districts. These 
districts are bringing ample amounts of pure water to 
some rural areas for the first time. Major differences 
In rural and city living are being eliminated, tn some 
areas there Is a reversal of movement of people from the 
country to cities. (Project A-018-MO) 



MONTANA 



Helmer C. Holje, Director 

The research program of the Montana University Joint Water Resources Research 
Center is now reaching a more productive stage with the completion of four full 
years of operations. When the program was initiated on April 1, 1965, all of the 
research projects were new. None of them involved supplemental funding for re- 
search projects already under way in other research components of the University 
System which might have given the impression of productivity at an earlier date. 
Eleven allotment, projects are being closed as of June 30, 1969, and will be pro- 
ducing completion reports and, in most cases, publications during the next six 
months. Eight new allotment projects are being initiated as of July 1, 1969, 

Allotment project A-007-MONT, fountain Precipitation and Distribution , 11 pro- 
vided the basic support for the "spin-off" of a major multidisciplinary research 
effort involving substantial funding from three other sources. The OWRR funding 
for A-007-MONT has not exceeded $10,200 in any one fiscal year since the project 
was initiated on July 1, 1966. The three associated research grants and contracts 
are as follows: 

(1) A contract with the Bureau of Reclamation in the amount of $278,000 for 
research on the technology of winter cloud seeding was completed on June 30, 1969. 
A new contract in the amount of $595,000 for continuation of this research has 
been entered into with the Bureau of Reclamation for the period July 1, 1969, to 
June 30, 1972. 

(2) A grant from the National Science Foundation in the amount of $215,000 
for research on the ecological effects of weather modification. This grant 
expires on December 31, 1969, and a proposal will be made for continuation of 
the research parallel to the Bureau of Reclamation contract. 

(3) A contract with the U. S. Army Research Office — Durham — for research 
on mountain snowpack as an environmental indicator. This contract will have 
provided $110,943 in funding during the three-year period July 1, 1968 - 
June 30, 1971. 

A-007-MONT and the above listed projects comprise a major multidisciplinary 
research program at Montana State University. Coordination has been through a 
committee representing the Center for Environmental Studies. The completion date 
for A-007-MONT has been extended for one year to June 30, 1970, so that a more 
definitive report can be prepared. 

The Center has carried on a major research program concerned with the de- 
velopment and application of instrumentation to the measurement of natural 
factors in remote areas. Completed projects include A-001-M0NT, "Basic Hydro- 
logic Studies of Two Selected Montana Watersheds" ; A-006-MONT, "Hydrologic 
Instrumentation of Maynard Creek Watershed"; B-002-MONT, "Hydrologic Data 
Acquisition Through Remote Reconnaissance Systems"; and B-006-MONT, "Instrumen- 
tation of Remote Areas." B-014-M0NT, "Digital Instrumentation and Telemetry for 
Water Resources Research" will be completed on August 31, 1969, and B-025-M0NT, 
a continuation of B-002-MONT with the same title, has a completion date of 
June 30, 1970. Although much Instrumentation will continue to be used on many 
of the Water Center projects, additional research and development work on instru- 
mentation will be carried on with other than OWRR funding. 

The research program of the Center indicates an increasing concern with prob- 
lems of water quality* Completed projects Include A-017-MONT, "A Study ot Natural 
Water Systems in Western Montana"; A-018-M0NT, "Effects of Logging on Small Stream 
Fisheries"; A-032-MONT, "The Effect of Copper on Algae of the Big Blackfoot River" 
and B-009-MONT, "Industrial Organic Micropollutants and Protozoa." Continuing and 
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new projects include A-027-MONT, ''Microbiological Studies in an Open and Closed 
Watershed"; A-028-MONT, "Sourdough and Middle Creek Watersheds - A Comparative 
Study of Ouality and Hydrology"; A-037-MONT, "Sculpins and Sculpin Parasites 
as Indicators of Stream Quality"; A-038-MONT, "Testacea as Indicators of Water 
Quality in Western Montana"; and A-040-MONT, "The Fate and Effects of Pesticides 
in the Aquatic Environment." 

Several research projects of the Center will contribute to water resources 
planning. A completed study, A-025-M0NT, "Computer Simulation of the Hydrologic 
System of a Mountain Watershed" is followed by a new project, A-034-MONT, "Com- 
parison of Field Measurements to Computer Results of Mountain Watersheds." 

Another new project is A-033-MONT, "Planning for Multiple Purpose Water Resources 
Development." A major research effort of the Center is B-029-M0NT, "Development 
of a Simulation Model for a State Water Plan" with matching funds of $111,150 
being provided by the Montana Water Resources Board. 

A research project for one year only (1968-69) has important implications for 
future research in the Center. Thirty-six faculty members participated in A-026- 
MONT, "A Study of Water Resources Research Needs in Montana." 

Arrangements are being made for a Seminar on Water Law in October, 1969, to 
involve representatives of State and Federal agencies and others. 



NEBRASKA 

Warren Viessman, Jr., Director 

Water is an exceedingly important natural resource in Nebraska and because 
of this the University is vitally concerned with developing useful programs in 
education and research which relate to the development, management and use of 
this resource. The Nebraska Water Resources Research Institute (NWXRI) , in asso- 
ciation with many University departments, state and federal agencies, and other 
organizations is engaged in the development of a comprehensive research program 
and the training of water scientists. 

Important water problems faced by Nebraska and the region include floods, 
droughts, erosion, non-uniform distribution of precipitation, water quality 
deterioration, declining water tables, land drainage, effective water resources 
management, water rights, and the development of modern institutions capable of 
administering water resources programs. 

The Nebraska Water Resources Research Institute is striving to contribute to 
the potential of the state for developing and implementing effective water re- 
sources programs. Research projects are being designed to effectively fill the 
information voids which now preclude the adequate solution of a variety of water 
resources problems. With proper coordination, much of the knowledge gained should 
be of a form suitable for objective use by planners, designers and decisionmakers 
in the conduct of their tasks. Well-planned research activities are being de- 
veloped to explore feasible project alternatives in an unbiased manner. 

Efforts are being made to coordinate the research program with the needs of 
the state water planning effort. Projects which should provide useful information 
to water resources planners include A-013, A-014, A-016, and B-O03-NEB. These 
projects are designed to: (1) study the legal problems associated with the 

coordinated management of surface and ground water supplies; (2) explore the 
alternatives available for the water quality control of recreational lakes; (3) 
evaluate the feasibility of developing useful mathematical models for state water 
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resources planning; and (4) study the suitability of various management practices 
for abating pollution from animal feedlots. Other useful research results are 
expected relative to: the recharge of municipal well fields using silt-laden 

streams (A-011-NEB) ; evapo transpiration mechanisms and control (A-001 and A-005- 
NEB); reduction of erosion and pollutional input through the employment of advanced 
land management practices (A-003-NEB) ; the economic development of small rural 
water supplies through desalination (A-007-NEB); the economics of developing irri- 
gation projects (A '004-NEB) ; and the costs associated with pollution control in 
the meat packing industry (A-008-NEB). The results of most of these projects will 
be of immediate practical value. 

Four research projects were completed in fiscal year 1969. The results of 
project A-003-NEB are b-iing put to practical use in the design of soil and water 
conservation systems for Nebraska farms. Projects A-001 and A-005-NEB have pro- 
duced considerable data which can be applied to the selection of crop types and 
design of physical controls for increased water use efficiency. A better under- 
standing of the evapo transpiration process has also been an outcome of these 
studies. Project A-008-NEB has provided needed information on the costs of treat- 
ing meat packing waste waters and the relative impact of these costs on the meat 
packing industry. The state Health Department and others concerned wich water 
quality control are much interested in this kind of information. 

The opportunity for expansion of the research effort is limited at present 
only by the shortage of financial support and the problem of attracting investi- 
gators from several important disciplines. 



Effective working relations between the Institute and various state and 
federal agencies, other educational institutions, industries and other organi- 
zations associated with the water resources field have been established. A sound 
basis for cooperation in planning and conducting future research in association 
With these organizations exists. Several of the state agencies have been espe- 
cially helpful in pointing out areas of research need. The Bureau of Reclamation 
and the Federal Water Pollution Control Administration have also been very helpful 
in this respect. 

During fiscal year 1969, the Water Resources Institute sponsored or co- 
sponsored several seminars or conferences designed to meet specific needs. In 
general, these were of two types. The first employed t M personnel engaged in 
water resources research on campus, and the second made use of invited experts 
on various aspects of the water resources field. A major seminar on evapotran- 
spiration was held in June 1969. 

Research findings and other activities of the Institute are from time to 
time reported on in the campus, local, and other newspapers* Short news releases 
are also carried by local radio and television stations when appropriate. A 
monthly news letter was initiated in May 1969 to provide current information on 
water resources to as many interested persons as possible. 

The outlook for the NWRR1 Is very good. Productive research programs are 
established and the potential for future research is great. 
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NEVADA 



William S. Butcher, Acting Director 

Major current and anticipated water problems of the state and region may be 
classed in the following categories; 

1. Problems centering around management and development of the resource. 

2. Problems involving planning for optimal resource use. 

3. Problems arising out of lack of knowledge of the resource. 

In recent years it has been stated, and, for th* most part accepted, that the 
surface waters in Nevada are fully appropriated and therefore put to use. This 
concept has, in turn, led to the idea that the only "new" water to be developed in 
the State is from the ground-water reservoirs. Actually it can be demonstrated 
that considerable additional amounts of surface water, as well as ground water, can 
be developed with more efficient management and development schemes, especially as 
demands for higher value uses occur. Further additional water can also be developed 
from more efficient use of water (i.e., irrigation efficiency in Hevada is reported 
to be about 25 per cent). Thus solution of these management and development prob- 
lems is of great importance to the State and region. 

Without careful and appropriate planning, efficient (or optimal) management 
and development programs probably cannot be devised. Adequate planning cannot be 
accomplished without certain lines of research, especially in methodology and data- 
handling and analysis. Thus all three categories of problems are closely related 
and Interdependent. 

The program of the Center to date and for the next few years is concentrated 
on development of a better understanding of the ground-water resource and of metho- 
dology which allows for more efficient, comprehensive interpretation of the avail- 
able facts concerning the whole water resource. This program is especially well 
exemplified by our four -year statewide study of regional ground-water systems, 
development of management models for conjunctive use of ground and surface water in 
Las Vegas Valley and the Humboldt River Basin, and development of basin models in 
the Truckee-Carson area* Quality of water studies have been conducted on thermal 
springs and ground-water relations In mineralized areas. Also, under other 
sponsorship a quality of water study on the Truckee drainage complements the basin 
modeling. Support operations such as the organization of a Water Resources Data 
Center and a chemical laboratory are also significant contributions to the overall 
effort. 

Applications of the research effort to practical problems are illustrated by 
the adoption and utilization of analog methodologies (developed by the Center) in 
Las Vegas Valley by the Las Vegas Valley Water District, on Colorado River by the 
Colorado River Commission of Nevada, and on the Humboldt River by the various water 
users. Management programming procedures developed at the Center are also being 
used in Las Vegas Valley. The Forest Service is using the results of Center studies 
on watershed soils to improve range and watershed management procedures. For the 
past several years Center methodologies in watershed analysis have been applied to 
problems encountered by the Department of Agriculture Basin Field Party in the 
Lahontan Basin operating under P. L. 566. 

The research program has resulted in an improved training program for graduate 
students in hydrology, hydrogeology, and water resources. Many members of the 
Center staff teach In the program and supervise masters and doctoral theses. Most 
of these theses are based on Center research projects. The Center has also been 
able to encourage hiring of and partially supporting research programs for new 
staff members for several departments, most notably in the areas of systems 
analysis, law, and hydrogeology. 
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The Center staff have actively supported and participated in the Nevada Water 
Conference, an annual affair. They also attend the Conservation Forum which is a 
monthly meeting of interested citizens from all walks of life. In the past few 
years the Center has actively cooperated with other universities in research 
projects, most notably with the University of Wisconsin and Pennsylvania State 
University. 



NEW HAMPSHIRE 
Gordon L. Byers, Director 

Pollution in all aspects, as it affects water quality, is the major problem in 
water resources facing the state of New Hampshire today. This problem is far more 
complex than is recognized by most people, even some of those actively involved in 
the water resources field. Because of the many and varied demands placed on water 
resources in New Hampshire and apparent annual abundance, it is anticipated that 
the problem of water quality as it relates to the competing uses will become more 
critical. More detailed information Is going to be needed on how to supply a uni- 
form flow of water at all times in various degrees of quality to meet these demands. 
It is possible that the overall demand for industrial services may already override 
and exceed the demand and importance of household consumption. 

The Water Resource Research Center is concentrating its efforts in the area of 
developing information for decision makers at all levels who are responsible for 
regulating water quality and quantity. Allotment Projects A-004, A-010, and A-013 
are expected to provide information on control of the algae and thus contribute to 
the aesthetic and recreational use of water. Project No. A-013 is expected to 
develop methodology which will detect and enumerate disease-carrying viruses in 
surface waters. It is expected that this project can be expanded to include deter- 
mination of how viruses are transported in surface waters. This will lead to con- 
trol measures for regulating level of viruses in water. Projects A-009 and A-015 
are expected to develop information that will contribute to the management of 
quality and quantity of water resources in New Hampshire by improved instrumenta- 
tion and a better understanding of how to manage wetlands. 



Completed projects such as A-003, A-007, and B-001 have produced results that 
are being used to improve water resource management. The projects have (1) de- 
veloped a method of analysis that could be fully automated for determining quanti- 
ties of trace elements in water — commercial instruments are currently being de- 
veloped by industry; (2) determined that the stabilization pond method .or sewage 
disposal as an adequate and safe disposal system in very questionable unless a 
series of ponds and effluent chlorination is use<\and expert supervision i© avail- 
able at all times; and (3) found that fish subjected to sublethal doses of DDT have 
a higher mortality cf eggs and are themselves very susceptible to mortality when 
food is scarce. These research findings will eventc illy lead to determining de- 
sirable and safe methods for handling wastes and pest protection. 

The Water Resource Research Center is an active member of the New England 
Council of Water Center Directors, and assists in sponsoring Regional Resources 
Conferences through this council. It is expected that this council will take the 
leadership in initiating regional research on water problems. The Chairman of the 
Center is a member of the Environmental Technology Advisory Group organized to 
assist decision makers and planners on water resources problems in New Hampshire 
and Vermont. The Chairman of the Center attends as many atate and regional water 
resources meetings and symposiums as possible. Other members of the faculty of the 
Center are also actively participating in state affairs, by working directly with 
those agencies involved with water resources; for example, the State Geologist. 
Academic contribution, in addition to graduate student and research support, in- 
cludes support and Interest stimulation in departmental sponsored seminars. 

Faculty members at St. Anselm's College and Franconia College are actively involved 
with the Center programs. 
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The State, through its Water Pollution and Supply Commission and Fish and Game 
Department, is contributing directly to the Center^ program by providing boats and 
a mobile laboratory, and has installed some structures to facilitate the research 
work. The major problems are (1) limited supply of non-Federal funds for matching 
grant programs limits the expansion of the Center program, and (2) recruiting re- 
search proposals on the socio-economics of water resources. 



NEW JERSEY 

William Whipple, Jr., Director 



Unquestionably , the main problems in New Jersey and the surrounding North 
Atlantic region are the rapidly progressing urbanization and its effect upon water 
quality and the environment, hot only technical, but economic, social and govern- 
mental organization problems are serious. 

The main thrust of the State Institute program is now and is likely to remain 
upon three major fields i (a) organic pollution and biochemical oxygen demand of 
river systems, (b) urbanization as related to water resources planning and (c) 
economics of water resources. The institute program continues at a high rate of 
activity. On 1 July 1969, the number of active projects stood at 34, including 
major involvement from both Princeton University and Stevens Institute. Budget 
support continues to be given by the state for matching fund projects. 

Projects A-018-NJ and B-014-NJ are expected to produce an important synthesis 
of viewpoint in water resource planning between the desired development of the 
water resources of the Mullica River, and the preservation of ecological values in 
the estuary and bay below. Determination of the best means of mixing density- 
stratified lakes is expected to result from B-005-NJ and B-024-NJ. Project B-002- 
NJ, besides important interim results noted below, is expected to demonstrate how 
economic rowth in rapidly urbanizing river basins is correlated with total organic 
pollvxlOi, loading of these rivers. The study of effects of pollution upon anadro- 
mous fishes (B-012-NJ) is expected to provide findings immediately applicable to 
water quality control on the Delaware River, as well as elsewhere. 

Project A-016-NJ will provide much-needed analysis of government organization 
for pollution control in NJ, and suggest improvements; and Project A-029-NJ will 
conduct a similar analysis for water supply. 

The project on Water Law in NJ (A-001-NJ) has produced an excellent paper 
which state agencies report has substantial value to them. Reports have been pub- 
lished on Projects A-005-NJ , B-005-NJ, B-008-PA, and A-002-NJ. Project A-014-NJ, 
“Economic Basis for Water Resources Analysis,” has resulted in a book and several 
journal publications, two seminars at other major universities, and an application 
to the principles of flood plain economics made at the request of the Executive 
Director, Water Resources Council and since published. A major publication in book 
form, entitled "Instream Aeration of Polluted Rivers” resulted from an TWPCA demon- 
stration project 16080DUP conducted in combination with three OWRR research projects 
B-002-NJ, B-010-NJ, and B-011-NJ. Several papers have already resulted from this 
activity and others are pending. Based upon field tests ar.d careful research into 
related aspects, the operating effectiveness and costs of instream aeration systems 
have been determined. An application to the Passaic River, NJ, has shown that an 
aeration system costing $194,000 annually would be as effective in raising dis- 
solved oxygen levels as advanced waste treatment estimated to cost $785,000 annually 
The project B-002-NJ, on Urbanization and Water Resources, has resulted in a finding 
of major importance not included in the original project objectives. A BOD mass 
balance analysis of three river basins showed that, of the total organ' pollution 
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entering the streams, less than half in each case could be accounted for as origi- 
nating in recorded waste treatment effluents. This totally unexpected result has 
important policy implications, and calls for much more thorough analyses of the 
oxygen regimen of such rivers. Further research along these lines has already been 
authorized • 

Among other activities, the institute director acted as summary speaker for tho 
August 1968 conference on Urban Hydrology of the Engineers Research Foundation, as 
general chairman and theme speaker for the annual meeting of the American Water 
Resources Asrociation, and taught graduate courses in economics and planning of 
water resources at both Rutgers and Princeton Universities. The institute also 
conducted the WRSIC center of competence for abstracting literature in the field 
of water resources economics. 

Good relationships have been maintained with Federal and State agencies, in- 
cluding the State Departments of Conservation and Economic Development and of 
Public Health, the Corps of Engineers, the Federal Water Pollution Control Admin- 
istration and the Delaware River Basin Commission. Relationships with the New 
Jersey office, U. S. Geological Survey include not only routine exchange of infor- 
mation, but exceptional cooperative arrangements. Contacts with other universities 
and meetings participated in are too numerous to be detailed. 



NEW MEXICO 

H. R. Stucky, Director 



Current and Anticipated Water Problems - Water is the most critical resource 
problem in the State of New Mexico. Over 80 percent of the area of the state is 
in either the Rio Grande or the Colorado River drainage areas. These two drainage 

areas are the shortest of water in relation to projected needs of all the river 

basins in the United States according to the reports of the Senate Select Committee. 

Of the 1,009,930 acres of land irrigated in New Mexico, 521,710 acres are totally 

irrigated from groundwater only, and another 145,415 acres are partially irrigated 
from groundwater. The majority of the land irrigated from groundwater draws its 
supply from non-recharging basins. Some areas have now completely exhausted the 
storage, and up to 200,000 acres are moving toward that point at an accelerating 
rate. 



The State of New Mexico would be greatly benefitted from an importation of 
water from the Mississippi River or from Canada and/or Alaska. However, the major 
questions upon which research is badly needed is how to program our present water 
supply to produce as much as possible in line with good conservation and multiple 
use principles. Almost 100 percent of the municipal and industrial water is ob- 
tained from groundwater supplies. Studies of the methods of preserving the quan- 
tity of the groundwater and of procedures for the most economical procedures for 
transfer of water from one use to another are greatly needed. 

Main Thrust of Institute Program - The main thrust of the State Institute pro- 
gram during the next five years is likely to be to contribute information toward 
the development of a total state wat ^r plan. The Pecos Basin matching grant 
project B-006-NMEX and B-011-NMEX just being completed, and the Rio Grande matching 
grant project B-016-NMEX — interdisciplinary-interuniversity studies — are de- 
veloping important basic data and basic concepts which will contribute to the state 
plan. In matching grant projects B-014-NMEX and B-015-NMEX, J. U. Anderson, is 
identifying the most potentially productive irrigated land for use in the state 
river basin planning project and for the future state plan. Annual allotment 
project A-006-NMEX (3109-63), Eldon Hanson and Boyce C. Williams, just ending, has 
proven by use of sub-surface irrigation that cotten yields could be increased by 
about 25 percent while at the same time the consumptive irrigation requirement 
could be reduced by about 20 percent. 
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Decision making models, gross systems analysis, more accurate analysis of 
hydrologic data, use of saline water resources, water recycling, control of water 
pollution, and scientific irrigation methods to conserve water are other items 
which will be emphasized. 

Application of Research Results - The results of annual allotment project 
A-011-NMEX, R. E . Speece, "U-Tube Aeration", are being applied in the aeration of 
an effluent pond by the City of El Paso to reduce odors in a sewage reservoir. 

This same procedure has potential in adding oxygen to non-aerated water being 
withdrawn from the lower levels of reservoirs so this water will maintain fish 
life or avoid killing fish winch may be in the water below the dam at the time the 
otherwise non-aerated water is released. The completed project, A-005-NMEX by 
H. E. Dregne, on salinity of water in crop production has contributed greatly to 
information on the effect of various quantities of saline water on yields of 
various crops. Matching grant B-005-NMEX by Frank B. Titus, "Geohydrologic Factors 
Affecting Rate of Evaporation from Moist Playas", is a classic study on the evap- 
oration processes of playas in this arid area and contributes much to the scien- 
tific knowledge in this area. 



Other Activities and Accomplishments - The Water Resources Research Institute 
projects are conducted by research investigators at New Mexico State University, 

Las Cruces, University of New Mexico, Albuquerque; and New Mexico Institute of 
Mining and Technology, Socorro. Two other state institutions, Highlands Universi- 
ty, Las Vegas, New Mexico; and Eastern New Mexico State University, Por tales. 

New Mexico, have been contacted regarding research proposals. The State Engineer 
Office, State Planning Office, State Health Department, State Department of Game 
<ynd Fish, State Department of Agriculture, U. S. Geological Survey, U. S. Soil 
Conservation Service, U. S. Bureau of Reclamation, and the Federal Water Pollution 
Control Administration have actually participated in Institute research projects, 
and/or cooperated in making information available to research investigators and 
have representatives on various advising committees or consultant groups with the 
Institute project personnel. New Mexico State University Administration through 
President R. B. Corbett l s office and through the Agricultural Experiment Station 
and Engineering Experiment Station administration has contributed greatly to the 
success of the Water Resources Research Institute programs. 

Water Resources Research Institute Building - The State Board of Educational 
Finance has approved the New Mexico State University proposal for the construction 
of a Water Resources Research Institute Building on the New Mexico State University 
campus. The bids were advertised for opening on July 17, 1969. A period of 180 
days Is specified for completion following the signing of the construction contract. 

Hatching Funds - The State of Ne” Mexico supplies funds lor the several 
matching grant projects through the three University budgets where the research Is 
conducted. It also contributes to consulting time through the several state 
agencies and through the university personnel who contribute indirectly to the 
research programs. 

Annual Water Conference - The Water Resources Research Institute Is the major 
sponsor for the Annual New Mexico Water Conference. The Fourteenth Annual Con- 
ference was held March 27-28, 1969. The proceedings of each of the fourteen con- 
ferences have been published and they have contributed much to the public under- 
standing of the water situation in New Mexico and the Southwest. 
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NEW YORK 



Leonard B. Dworsky, Director 



With this annual report, the Cornell University Water Resources and Marine 
Sciences Center (the Cornell Center) concludes seven years of activity. Organized 
in 1962, the Center became effective in 1964 in response to the interest and sup- 
port created by the Water Resources Research Act of that year (P.L. 88-379), 

The primary objectives of water policy in New York and surrounding eastern 
states are: 

- to free its citizens and their economy from the fear of floods and 
recurrent droughts; 

- to control water pollution and to improve the quality of water 
resources to protect public health, increase recreation and fish 
and wildlife values, and to conserve the natural environment; and 

- to improve the effectiveness of political institutions and laws 
that affect the management of water resources. 

During the past five years the Cornell Center selected areas of study that 
could best contribute to these objectives, considering the capabilities of the 
University-faculty, students, facilities and money. An example of one study is 
that concerned with studies of the supply of water available in New York State and 
the Northeast in relation to present and future water demands . Two major water 
shortages in New York City within a decade; the provision of an adequate water 
supply to serve the growing population and industrial development of the Susquehanna 
River Basin; and the need for Syracuse to reach to Lake Ontario for its future 
water supply help to explain the importance of this study, 

Frofessors D. J, Allee, H. E. Conklin, M. L. Falkson, L. B. Dworsky and C. S. 
Levine in cooperation with Graduate Students reported on recreational, industrial, 
agricultural and municipal water supply availability and demands. Part of the 
results of these studies have been used by the Corps of Engineers in planning for 
future water needs in the Northeast, by the New York State Agricultural Resources 
Commission appointed by Governor Nelson A. Rockefeller, and by the program of the 
New York State Water Resources Commission and other agencies. (A-001-NY), 

(B-002-NY) , and (B-014-NY) . 

A second illustration involves the application of modern management techniques 
to water problems. The application of systems analysis methods to a wide range of 
single and multi-purpose water management problems (e.g. water pollution, flood 
control, irrigation, hydro-electric power) involving mathematical procedures and 
computers is gaining in importance. Professor D. P. Loucks Las developed proce- 
dures for determining alternative policies to achieve various goals under condi- 
tions where several water purposes have to be served. This program has led to a 
program in which Professor Loucks representing Cornell has joined with faculty 
members of Harvard University to develop programming models for the Delaware River. 
(A-010-NY and C-1640). 

During the past two years the Cornell Center has brought to completion a 
major study on the Modernization of Eastern Water Law (Professor W. A. Farnham, 
B-003-NY), has carried out and strengthened its program in the aquatic environment 
(the Great Lakes and the Finger Lakes of New York State) (J. P. Barlow, A-007-NY; 

W. H. Brutsaert, A-009-NY; C. D. Gates, A-012-NY; A. W. Eipper and C. A. Carlson, 
A-013-NY; M. Alexander, A-014-NY; R. G. Young, A-015-NY; D. A. Webster, A-019-NY 
and R, T. Oglesby, A-025-NY); continued to assess current processes and assist in 
the development of new advanced waste treatment technology for pollution control 
(Professors A. W. Lawrence, A-016-NY and V. C. Behn, A-017-NY) ; and has pursued 
studies concerned with the Improvement of water management institutions for 
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pollution control and River Basin Commissions. The latter study is being carried 
out in cooperation with the New England River Basin Commission and the National 
Water Resources Council (Professor L. B. Dworsky, C-1925). 

During the past five years the Cornell Center has been able to maintain a 
program outlined initially during 1964. If criteria for measuring success are 
participation by faculty and students from a large proportion of the university 1 s 
colleges i production of useful knowledge on questions of concern to society; and 
translation and distribution of that knowledge to government agencies, universities, 
industries and others; the Cornell program can be called successful. In addition 
to these direct results, the Cornell Center has played a more subtle role in 
maintaining a visibility for water and related resources research and training 
and has provided a focal point for public service activities that otherwise would 
not exist. Under these criteria, it is apparent that the achievements anticipated 
by the Congress are being attained. 

For the period 1970-74 the Cornell Center proposes to concentrate on the de- 
velopment of an improved technology to more effectively control water pollution; 
to strengthen its efforts in the aquatic environment with significantly greater 
efforts in the Great Lakes, the Finger Lakes and adjoining Lakes of New York; to 
contribute to the identification of weaknesses in government institutions and to 
recommend ideas for institution building at local, state, regional and national 
levels for the improved management of water resources; and to concentrate on urban 
water problems with special reference to the planning and social problems of the 
urban community. 

There is a great interest on the part of faculty and students to attack impor- 
tant social problems. Water problems such as water pollution, urban water manage- 
ment In relation to urban living, conserving lakes and the natural environment and 
modernizing law and government characterize a class of social problems that can be 
attacked by universities and their Water Centers. The rate of such an attack Is 
dependent upon the availability of funds. The recommendations (In the Resolutions 
of the 5th Annual Meeting of UCGWR) If adopted, would enable the universities to 
utilize their ability to provide new knowledge about these problems and to bring 
this knowledge effectively to using persons and organizations. With the increases 
contemplated, the Cornell Center could make substantial improvements In the program 
during the next five years. 



NORTH CAROLINA 
David H. Howells, Director 



North Carolina's water resources are generally abundant, but rainfall and 
storage vary considerably in time and space. Periods of excess and drought are 
relatively common. There is also a lack of harmony between the distribution of 
population centers and available water resources. 

A proliferation of small community water and sewer systems with associated 
deficiencies due to poor planning and operation demands attention. There is no 
established procedure to assure coordination of actions taken at the local level 
or the consideration of alternative arrangements for the provision of services. 

The absence of a clearly established responsibility for comprehensive planning 
of water and sewer services throughout the state has been a limiting factor. 
Another is the lack of a State Water Plan relating the available water supply to 
existing and future demands as a framework for the efficient utilization of both 
ground and surface water resources. The Water Resources Research Institute Joined 
with the Institute of Government in sponsoring a statewide symposium on December 
4, 1968, calling attention to the problems and need for action. A summary of the 
principal findings was sent to the legislature, the Governor and principal state 
officials. 



0 
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A multicounty region encompassing the estuaries of the Neuse and Pamlico 
Rivers is currently experiencing difficulties with the principal ground water 
supply of the Coastal Region because of dewatering operations associated with open- 
pit phosphate mining. The reduced pressures in the artesian aquifer threaten salt 
water intrusion and the region has been declared a "capacity use area" with state 
regulation of water use. The Institute has undertaken research leading to the 
development of an electric analog 'nfOdel to guide water management (A-026-NC and 
B-005-NC). 

The Pamlico River Estuary will be markedly changed as a result of phosphate 
mining and related industrial and population growth. The quality of estuarine 
waters is important because of their value as f.ahery nursery areas, for commercial 
and sports fisheries, and recreational use. A major Institute research effort has 
been directed toward this problem since 1966 (B-004-NC and A-030-NC) . 

Present drainage practice in the Coastal Plain threatens destruction of one 
and one-half million acres of organic soils, interference with fish and wildlife 
habitat, and ground water recharge. Other agriculture water use problems include 
pollution from agricultural chemicals and animal wastes. All of these were dis- 
cussed at a Workshop on Agricultural and Water Use sponsored by the Institute on 
March 14, 1969. Research on fertilizer loss to surface and ground waters, the 
design of a pesticide monitoring system, and criteria for drainage and irrigation 
is being sponsored by the Institute (A-Q31-NC, A-021-NC, and A-033-NC) . 

The Outer Banks are of great importance to the state for their recreational 
value and protection of the mainland from the open seas. A key factor to both is 
the continued availability of the limited fresh water supply. A related Institute 
study in close cooperation with the Geological Survey is currently underway. 
(B-006-NC) . 

Streams feeding authorized new impoundments in North Carolina carry sufficient 
nitrogen and phosphorus to create excessive algal growths and related water quality 
management problems. Two major Institute projects are directed toward this problem 
(B-003-NC and B-007-NC). 

Some sections of the state are now confronted with the need for the highest 
possible degree of waste treatment, to comply with water quality standards in 
receiving streams. A study of pollutants contributed to the Research Triangle area 
by surface runoff from a typical urban watershed in Durham was undertaken last year 
to develop information in this area. (A-034-NC). 

Water quality problems from industrial wastes in North Carolina come largely 
from the textile, pulp and paper, and foe processing industries. The practice of 
dealing with industrial wastes primarily as treatment problems inflates the cost 
of remedial action. Waste treatment is expensive and should be the last resort. 
Such alternatives as more efficient water use, chemical substi .^ion and recovery, 
process change, waste by-product development, and other internal means offer many 
possibilities for substantial cost savings to the industries involved, Because of 
the steady demand for a decrease In waste discharges by industry in the face of 
rising production, every effort must be made to eliminate wastes at the point of 
origin as well as to forge ahead with the development of improved treatment tech- 
niques. The Institute has a number of research projects looking into various 
aspects of industrial water use and waste control (A-035-NC, A-036-NC, A-032-NC, 
and A-037-NC) . 

Land development in the vicinity of large multipurpose reservoirs poses many 
problems in water resource management. Demand for reservoir shoreline usage is 
Increasing rapidly, and conflicts between uses of the reservoir and shoreline 
development are becoming acute. An important Institute project involves the de- 
velopment of a forecast model for the testing of alternative policy mixes for their 
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effectiveness in promoting desirable land development patterns around multipurpose 
reservoirs (B-012-NC) . A concurrent study of the Durham Municipal Watershed is 
investigating the effects of various type3 of land use on water yield, quality and 
cost (B-010-NC) . 

Vast areas of North CArolina offer almost unlimited opportunities for the de- 
velopment of a water-based recreation industry. The absence of rationale for 
estimating the recreation capacity of natural and artificial bodies of water leaves 
an ever-widening gap in the credibility of resource development plans. The Insti- 
tute is presently formulating concepts and methodology for estimating the volume 
of recreation use which can be properly supported by various types of waters 
(B-013-NC). 

Thirty-seven communities in North Carolina have requested flood information 
studies from the Corps of Engineers, U.S.G.S. or T.V.A. Yet, very little com- 
munity action has materialized following completion of the studies. The Institute 
sponsored a workshop to identify additional steps which might be taken by action 
agencies and/or research needs. 

The main thrust of the Institute program in the next five years will je fo- 
cused on water resources planning and water quality management. This will be 
guided by an advisory committee under the chairmanship of the Director, North 
Carolina Department of Water and Air Resources, and Institute studies on research 
needs, faculty research interests in all universities of North Carolina, and inven- 
tories of research — information and data (A-018-NC and non project studies). 

The North Carolina legislature recognized the importance of Institute research 
to the management of ihe state’s water resources by approving the full amount of 
the University’s appropriation request for the Institute program during the 1969- 
1971 biennium. 



NORTH DAKOTA 
Dale Anderson, Director 



Various state and federal agencies are charged with the responsibility of 
developing and implementing plans for effective water resource development and use 
to enhance the economic environmental growth of the State. The development of an 
imaginative, forward-looking research program, providing vital development and 
planning information, is essential to the formulation of sound decisions for de- 
veloping and implementing effective water use programs. The Institute has pro- 
vided the catalyst to initiate a considerable amount of much needed research on 
problems related to water conservation and development in North Dakota. 

Current water problems in North Dakota relate largely to the development and 
management of agricultural uses of water. Data are needed for planning, developing, 
and implementing irrigation on an individual farm basis. A simulation model de- 
veloped in Project B-007-NDAK will make it possible to select the appropriate irri- 
gation system capacity and associated management scheme for a given set of land 
and capital resources, as well as expected weather conditions and crops irrigated. 
However, additional research is needed to measure the value of water for irriga- 
tion and to plan the most efficient use of water. Another current problem is need 
for accurate measurement of the total impact (economic, sociological, and Insti- 
tutional) of water resource development. The economic impact of irrigation de- 
velopment was estimated in Project B-002-NDAK. This research must be expanded. 

An empirical identification of pollution in lakes and streams from agricultural 
sources such as fertilizers, herbicides, insecticides, and animal waste is be- 
coming more urgent. Three projects, A-001-NDAK, A-009-NDAK, and A-010-NDAK, focus 
attention on animal waste disposal systems. 
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A problem of particular concern to the prairie pothole region is a feasible 
wetlands management system. Research is needed which will provide data to serve 
as the basis for developing an equitable land use management program. Also, inten- 
sive study is needed to measure the impact of the proposed restoration of Devils 
Lake and Stump Lake on the water quality in the Sheyenne River* Salinity levels 
need to be identified that can be tolerated by various species of fish and wild- 
life proposed for enhancement in the area. Research being conducted in Projects 
A-014-NDAK and A-026-NDAK is providing and will continue to provide much useful 
data for future planning relative to the restoration of Devils Lake and the re- 
sulting economic, social, and Institutional impact to the area and State. 

Many current water resource problems will not be resolved in the next five 
years. Water problems of Korth Dakota will become even more complex in the future. 
Future economic development and growth of the State will be greatly Influenced by 
an adequate quantity and quality of water. To provide the most relevant research 
results in water resources development during the next five years, the research 
program of the Institute will direct its primary emphasis to the following general 
problem areas; (1) Identification of aajor sources of agricultural pollution, ( 2 ) 
development of effective measures to control agricultural pollution where necessary 
(3) reduction or control of algae in North Dakota lakes and ponds, and (4) control 
of wetland ecology. Very little research has been directed toward the identifica- 
tion of agricultural pollution in Korth Dakota. Continuation of research being 
conducted in projects A-011-NDAK, A-014-NDAK, A-015-NDAK, A-017-NDAK, A-018-NDAK, 
and B-0C1-NDAK will provide much relevant data for improving management and use of 
North Dakota lakes and ponds. 

Increased research Is needed on socioeconomic, legal, and institutional 
problem;, research funded by the Institute in this area to date has only scratched 
the surface. Economic Impact of irrigation development on a multi-county area was 
studied in projects B-002-NDAK and B-003-NDAK. This research will have to be ex- 
pended to measure the economic impact of all water development. In addition, 
research desigied to measure the sociological, legal, and political impact will be 
initiated* More work is needed on engineering problems in water resources and new 
projects will be developed in such areas as channel design, methods of water treat- 
ment, pipeline studies, and recreation development from diversion of Missouri River 
water . 

Additional information is needed on the hydrology of water resource develop- 
ment. The most urgent problem in this area is pothole hydrology. Other problem 
areas to which research will be initiated include (1) quantity and quality of re- 
turn flows from gravity and sprinkler irrigatio. , (2) ground water movement, (3) 
thermal pollution, and (4) criteria for water quality standards* 

Results obtained frea B-002-KDAK have been used by state and federal agencies 
to show the Impact of irrigation dei lopment in North Dakota on the total economy. 
Agencies have used these data to justify approprlot ion requests before legislative 
committees. Results of A-014-NDAK and B-001-NDAX have been particularly useful to 
civic groups and State agencies concerned with algae problems in North Dakota lakes 
In addition, research results obtained from A-01.4-NDAK have Oeen useful In planning 
for the restoration of Devils Lake and Strnp Like. 

The Institute has cooperated with other organisations and agencies in planning 
for the development of the water resources of the State and region. Institute 
activities have been coordinated with work being undertaken by the Souris-Red- 
Rainy Ri v er Basins Coffcissi^n and the Missouri Basin fntei-Agency Committee* the 
Director represents North Dakota on work gtoups in these two planning bodies. 
Assistance has been provided to the North Dakota State Water Commission in prepara- 
tion of ihe State Water Development Plan. The Institute has also worked with the 
North Dakota Wildlife Advisory Committee In the formulation of possible programs 
to preserve wetlands. 



The executive committee of the Institute is the Project Committee which is 
composed of three members each from the University of North Dakota and North Dakota 
State University. It acts on Institute policy and receives, reviews, and makes 
recommendations regarding research to be conducted by the Institute. In addition, 
the Institute receives counsel from an Advisory Committee, consisting of 33 members, 
representing state and federal agencies involved in water-related activities. 



OHIO 

K. S. Shumate, Acting Director 



Current and Anticipated Water Problems . 

Current and anticipated water problems of the state and region are essen- 
tially those of water quality. Concern Is being expressed regarding the condition 
of Lake Erie. The continued disposal of waste effluents, both municipal and 
trlal, Into the drainage basin has raised several questions concerning the overall 
outcome, tt has generated considerable studies and, In the Cleveland area, pre- 
cipitated a multi-million dollar program to reduce the contaminants entering the 
Lake . 



In Southeastern Ohio the acid a<-ve drainage problem remains the most signifi- 
cant deterrent to good vatci quality. 

In Northwest Ohio both quantity and quality problems have been considered In 
a plan now underway to provide for water resource development, largely with up- 
ground storage reservoirs, to support anticipated growth and development of the 
region. 

tn relation to these problems, It Is anticipated that the major thrust of the 
Ohio OVRR program Is In the area of water quality, specifically oriented toward 
Lake Erie. Further, It Is anticipated that tils emphasis will continue for the 
next three to five years. Current projects in this area Including A-006-OHIO, 
A-007-0HIC, A-098-OHIO, and B-013-0HI0 are evaluating factors affecting the lake 
ecology. Project A-009-OHIO Is attempting to evaluate public Investment criteria 
for water-orle.ited recreation In the Lake Erie Basin. Projects B-017-OHtO and 
B-023-OHtO are supporting a systems analysis approach, providing for more economic 
studies of the area, and correlating the socio-economic sector through factors 
Influencing water quality criteria. Another new project, A-018-OH10, will evaluate 
effects of agricultural land runoff Into the lak*. Results from this study will 
also be Incorporated Into the overall systems analysis approach. Hopefully, re* 
suits of the Individual efforts and of the combined overall study will provide more 
meaningful results regarding significant contaminants and nutrients entering the 
lake, and their inter -ef feet s on the lake ecology and on the contiguous socio- 
economic sector. 



Application of Research Results . 

None of the results of completed projects are being applied directly to solve 
water problems. However, the acid mine work in particular (Projects A-001-0H10 and 
A-002-OH10) have generated further work which is hopefully reaching a stage that 
might generate practical and more optimum remedial measures. 
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O ther Activities and Accomplishments . 



The Water Resources Center, during the past year, has actively promoted more 
Involvement in water resources training, and staff from the Center cooperating with 
the School of Natural Resources were effective in obtaining a larger Federal Water 
Pollution Control Administration grant for interdisciplinary training In water 
quality control of masters level students. In addition, the Center recently parti- 
cipated with the School of Natural Resources In a joint seminar to consider water 
management training. Results of this seminar are now being assessed, with the Idea 
of evaluating the need for 6uch a program at this institution. 

The Water Resources Center has also sponsored a seminar on water quality and 
treatment, during the past year, and has Invited several distinguished guest 
speakers to participate. This seminar Is being Incorporated as a part of the 
program for graduate training of water resource oriented engineers. 



OKLAHOMA 

Marvin T. Edmison, Director 



Oklahoma Is a transition state In several respects. First, like many other 
parts of the country it is undergoing alteration from an agriculturally oriented 
society to a more Industrialized, urbanized complex. Oklahoma Is also a transition 
state climatological ly . Rainfall varies from approximately 56 Inches per year in 
the southeast to 16 Inches per year in the far northwest. Runoff from rainfall 
likewise varies from over 20 Inches per acre to less than .2 Inch per acre. 

Grazing has largely replaced much of the row cropping of earlier years while 
a most dramatic change is being brought about by irrigated crops which now comprise 
over 600,000 acres, mostly In the arid western part of the State. 

Oklahoma has over 250,000 farm p^nds and approximately one-third of all the 
USDA upstream flood control reservoirs that have been constructed in the United 
States. Additionally, Oklahoma contains 50 major reservoirs including 35 mainstream 
teservolrs of over 1,000 suiface acres. As a result of these laprjriUment 9 , water 
based recreation Is a major Industry In the State. 

By the end of 1970, it is anticipated that the Arkansas River navigation proj- 
ect will be open to barge traffic froa the Port of Catoosa near Tulsa to the 
Mississippi River. The Industrial and recreational potential of the waterway Is 
Immense and Is already of considerable impact* 

In both quantity and quality, Oklahoma has more than adequate water supply to 
meet all anticipated requirements for the next 100 years. However, because of 
unequal distribution, wide variations in quality, and highly localized demand, 
critical water problems already exist. 

The Oklahoma Water Resources Research Institute, therefore, has established 
a diversified program to seek better understanding and possOle solutions to the 
majtt water problems of Irrigation, recreation, and navigation that now exist in 
Oklahoma. The Institute bas three projects directly concerned with aquatic ecology 
and water quality of ponds or lakes* one proje:t concerned with suppressing of 
evaporation from exposed surface Writer; one project directly concerned with more 
uniform distribution of irrigation water, particularly channel design for efficient 
water application and a project studying the hydrology of sheet flow of vatet over 
vegetated surfaces and slopes. 
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Three Institute Projects are investigating various aspects of water quality 
maintenance: (1) improved quality of output of waste treatment plants; (2) nutri- 

tional pollution; and (3) an extended aeration process of waste water treatment. 

A project investigating the thermodynamic properties of saline waters and 
another exploring the economic effect of the Arkansas waterway on land values along 
its route, complete the Instituted current allotment program. Projects involving 
study of reuse of surface runoff of irrigation water and the methodology of allo- 
cating resources to water research will be added during the coming year. 

Two matching grent projects are concerned with the efficient use of water in 
crop irrigation while a third project, now nearing completion, la an intensive 
study of the Arkansas River and its sub-basins in Eastern Oklahoma. 

The Institute is directly associated in research with the Oklahoma Water Re- 
sources Board, the University of Oklahoma, the City and County of Tulsa, the 
Department of Agriculture's Water Conservation Structures Laboratory and, indirect- 
ly, through mutual cooperation of scientists, with the Federal Water Pollution 
Control Administration's Kerr Laboratory, the Department of Agriculture's 
Agricultural Research Service, the U.S. Corps of Engineers, the Oklahoma Coopera- 
tive Fishery Unit, the Oklahoma Cooperative Wildlife Unit, the Oklahoma Department 
of Wildlife Conservation, the Oklahoma Refiners Waste Control Council, and the 
many other non-institute projects at the University, Students and trainees of the 
Federal Water Pollution Control Administration, the Corps of Engineers, the Okla- 
homa Fish and Game Council, the Max McGraw Wildlife Foundation, the Oklahoma 
Economic Development Foundation and others participate in various Water Resources 
Projects . 

Though not technically a part of the Institute, both the Oklahoma Cooperative 
Fishery Research Unit and the Oklahoma State University Reservoir Research Center 
conduct research programs in close liaison with Institute projects* The Fishery 
Unit has eleven fish culture ponds and plans an enlarged facility which will in- 
clude nearly 50 ponds of some 20 surface acres total. 

The Oklahoma Water Resources Research Institute is a Joint participant with 
other states of the central United States in the Mid-Continent Association of 
Water Research Institutes. A recently held evapotranspirat ion conference and a 
forthcoming agricultural pollution conference are both under the sponsorship of 
the aforementioned organisation. 

During the spring of 1969, Dr. Bernard Patton, Professor of Zoology, University 
of Georgia, conducted a three-day interdisciplinary seminar on ecosystems analysis 
for water resource scientists on the campus* The 20 participants represented the 
departments of Zoology, Chemistry, Bio-chemistry, and Agricultural Economics. 

The number of students receiving advanced education in the various aspects of 
water resources has undergone a significant growth in the last year* A comparison 
with last year f 9 figures indicates a growth in excess of fifty percent* Addi- 
tionally, more course of an interdisciplinary nature are being taken by graduate 
students avate that the truly encompassing nature of water and environmental prob- 
lems demands more comprehensive knowledge* The growth in both ntabers of water 
scientists and of their capabilities coupled with an increasing public awareness 
of the complexities rf water problems gives promise that our water heritage can 
and must be preserved. 
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OREGON 



Emery Castle, Director 



Oregon must determine how it can develop its potential water supply for all 
beneficial uses within the state. During certain times of the year practically 
every stream is either over-appropriated or so severely depleted that the flews 
are Inadequate to meet minimal requirements. The problem is emphasized by con- 
clusions reached in a four-year study of longe range requirements for water pub- 
lished recently by the State Water Resources £oard, Oregon will be a water defi- 
cient state in the year 2070, the report states, because it will not have enough 
water within Its borders to fulfill its total requirements. 

Economical water storage will continue to be a most important catalyst in 
developing Oregon's timber, agriculture, and mineral wealth, as well as providing 
recreational opportunities. Oregon water users, in general have developed the 
least expensive storage sites within their areas. Known sites, with relatively 
small dams with water-tight abutments, are not plentiful. Some means of protecting 
potential reservoir sites are needed to preclude construction within these areas 
which would render the site uneconomical for development by water use interests. 
Natural resource agencies, planning commissions, and water use interests must col- 
laborate on area land use planning to include site zoning. 

Legal matters demand attention. The major portions of the Willamette, 

Umpqua, and coastal drainages have not been adjudicated. Until this is completed, 
the status of major claims to water and the resulting effect on existing water rights 
cannot be determined. Equally pressing is the problem of providing assurances re- 
quired by federal law. PL 86-700 requires assurances and contracts for future 
municipal and industrial water aupplles that would be stored in federal projects. 

PL 89-72 requires re-payment by non-federal interests of one-half of the separable 
costs assigned to fish, wildlife, and recreation enhancement pertaining to federal 
projects . 

The state's constitution does not permit such participation by the state. In 
the absence of a constitutional amendment, it will be necessary to continue to look 
to local government entitles, such as counties, nunlc.'oalli ies, and special dis- 
tricts, to meet the requirements of federal law. The 1969 Legislature approved a 
multi-purpose local entity which could cooperate with federal agencies in water 
resource development. The law authorizes formation of water improvement districts 
with power to levy an ad valorem tax (within limits), borrow money, sell bonds and 
adopt regulations and cooperate with federal agencies. Research performed under 
A-002-0RE helped to muster arguments in support of this important legislation. 

Recreation requirements are burgeoning. In cooperation with State agencies, 
the Institute Is surveying Oregon's lakes (A-003-0RE) to determine future outlook. 
At the same time, research is proceeding to gauge the effect of thermal pollution 
on fish populations (B-012-0RE) and the enhancement of water quality by diverting 
heated effluents to agricultural use (8-009-07E). 

TVo public seminars were conducted by the Institute during the school year, 
with the proceedings published in booklet form and distributed widely. The Fall 
Quarter series was devoted to "Reservoits: Problems and Conflicts" and the Spring 
Quartet discussions covered snow and ice hydrology under the general title of 
"Snow". All sessions were attended not only by students and faculty, but also 
mernbeis of appropriate State and Federal agencies. Institute members attended 
scheduled meetings of the Willamette Basin Task Force, the Colvxmbit-Korth Pacific 
Task Force, the Pacific Northwest River Basins Commission, and the Western States 
Institute Directors. Dr. Castle, Director of the Institute, war nased by the 
Governor as Chairman of the State Water Resources Board. 

faring the next five years it is expect'd that research at Oregon State 
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University will proceed somewhat along the following lines: physical sciences - 
watershed management, irrigation and agriculture, river systems and development; 
biological sciences - water quality and waste treatment, fisheries biology, aquatic 
vegetation, lakes; social sciences - water law and institutions, decision making 
processes, fresh water economics, geographic-regional planning and legislation. 

Efforts of Institute members, in coordination with other individuals and 
agencies in the state, resulted in passage by the current Legislature of a state- 
wide toning law. A comprehensive land use plsn, or zoning regulation, on a county 
by county basis, is to be developed. State plans will relate to intermediate and 
long-range growth objectives and are to set a pattern upon which state agencies 
and local governments may base their programs and local area plans. The goals in- 
clude preservation of water quality, provision of recreational facilities, enhance- 
ment of natural resources, and flood management. The next five years will see 
close liaison between governmental representatives and the academic community in 
attaining these goals. 

The University will continue to offer each year appropriate short courses in 
its education program regarding water resources. During the period under review, 
the following attracted wide attendance: "Natural Resources Economics Institute" 
to demonstrate the use of economics as an administrative tool in natural resources 
development; "Sewage Works" a short course to train operators in modern technology; 
"Water Works" a short course to train operators in latest developments; and an 
"Industrial Waste Conference" for industrial plant managers to discuss waste and 
water problems in industry. 



PENNSYLVANIA 



John C* Frey, Director 

The current program objectives of The Pennsylvania State University's Water 
Resources Center correspond very closely with a state-wide classification of water 
resources research needs in Pennsylvania. This general classification of research 
needs was developed during a workshop in Hay 1969 on water resources research 
planning in which specialists from state agencies, Industry, and Pennsylvania 1 # 
institutions of higher learning took part* Constituting the five headings of the 
classification tret (1) Water supply and acid mine water abatement; (2) Communi- 
cations and kanpover for water management programs; (3) Institutions for water 
management programs (legal, economic, political, and social); (4) Opt imitation of 
engineering designs and operations; and (5) Process containment* 

Under the first heading, one thrust of the Water Resources Center over the 
next five years will be to conserve, Increase, and replenish groundwater supplies 
for economic development* This thrust also will extend to Increasing stream 
ylelda for low flow augmentation, community water supplies, and related purposes; 
stepping up the use of new and more efficient methods of treating and disposing of 
water of impaired quality, Including acid mine water; and flood control* Con- 
tributing to these alms in the past year were: Projects A-002-PA, A-005-PA, 

A-006-PA, A-013-PA, A-015-PA, and A-016-PA under the allotment program of the 
Water Resources Center* Accomplishments Include: The development of engineering 

design parameters Tor the use of limestone barriers to neutralise acid streams; 
defining basic elements required to analyte the hydraulic response of carbonate 
aquifers under groundwater development; and development of a numerical model for 
the simulation of water flow Into o simple pumping well. 
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Also among the major accomplishments are an analysis of characteristics 
Influencing water yields, flow durations, and high-flov timing In 25 small water- 
sheds; preparation of a descriptive mathematical function for the time distribution 
of rainfall Intensities In rain storms; and compilation and analysis of an annual 
series of instantaneous maximum discharges for 86 watersheds* Much of the work now 
under way in watershed hydrology and flood control will continue during the forth- 
coming year. 

A state-wide survey of water resource problem areas and constraints has been 
a single effort under the second heading, "Communications and Manpower* " Survey 
results will be made generally avallab' i to the public* Plans for the development 
of additional projects In this ar already are Initiated* 

Under the third heading, the chief objectives of Water Resources have been to 
Improve the legal and Institutional arrangements by which water resource u < Is 
controlled, and to Increase the efficiency of public Investments In water resource 
development projects* Contributing projects under the allotment program were 
A-009-PA, A-014-PA, and A-017-PA* Progress In this area Includes: development 

of an Input-output model of economic activity and water usage in a micro-region; 
current designing of an econometric model to measure Impacts of sewage systems and 
to assign priorities to sewage facilities grants; and the start of a sociological 
study of the Impact of a flood control reservoir on a community, Also contributing 
Is a matching grant project still In progress (B-012-PA) which seeks to derive 
estimates of the regional costs of pollution in terms of recreational development 
foregone* This project ha9 developed a unique methodology for analysing the 
anticipated dlsbenefits of pollution* 

Under the fourth heading, the cardinal aim of Water Resources has been the 
efficient disposal of municipal storm water, sewage effluent, and acid nine water. 
Here, three lines of Investigations are actively being pursued with multiple 
sources of funding. One of these lines Is project B-010-PA with the Office of 
Water Resources Research. This effort has resulted In an evaluation of urban 
hydrology design methods for storm water planning. 

The fifth major area of endeavor encompasses Water Resources’ aim to remove 
and control undesirable biological growth In lakes ani streams, and the prevention 
of groundwater contamination by municipal and Industrial wastes* Allotment proj- 
ecta A-003-PA, A-016-PA, A-019-PA, and Batching grant projects B-001-PA, B-016-PA, 
and B-020-PA fall under this classification* Presently completed Is sn analysis 
which demonstrates the relationship between plant growth In streams and nutrient 
level, sunlight Intensity, and stream hydraulic characteristics , Estimates of the 
Impact that a respiring plant population can have on the oxygen econooy cf a water 
resource also have been msde. Research has been Initiated to Identify detergent 
residues In polluted water by application of laser Ionisation mass spectrometry* 

And with this, an examination has been started of the microbial composition of 
activated sludges before and during chemical treatment of waste waters for phos- 
phorus removal* 

Early work In the area of waste water renovation demonstrated that sewage 
can be disposed of at a reasonable cost by applying it to crop and forest lands on 
a year-round basis* A major project row underway by Water Resources Is a test of 
the filter concept of Irrigating waste water on land to renovate the water nd 
Increase the amount of groundwater going Into groundwater reservoirs. ThU con- 
tinuing project will reach fruition with the cot'pletion of a system for the dally 
disposal on the land of four million gallons of sewage effluent from the State 
College, Pa* , community* More than $2 million already has been awarded to the 
University for construction of the waste water system* 

Finally, completed project A-002-PA, "Crushed Limestone Barriers for Neutrali- 
sation of Acid Streams," already shears promise of contributing to Pennsylvania's 
water pollution abatement program* Through this research project, scientists at 
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Water Resources have revealed that crushed limestone 1 \rriers can be used In 
streams contaminated with acid mine drainage to reduce the acidity in the water. 
Their studies indicate that a barrier installation can have any reasonable number 
of units and be of such stone size as to be compatible with the site topography* 
Based on research results de, eloped in this investigation, The Pennsylvania 
Department of Mines and Mineral Industries presently’ is designing a prototype 
Installation on Trough Creek, Huntington County, Pa., to observe field potentials* 
The facility is expected to be constructed and placed into operation by the middle 
of 1970. 

To facilitate the continued growth of the Water Resources Center, Dr. 
Archibald J* McDonnell, Associate Professor of Civil Engineering, has been named 
Assistant Director for the Institute for Research on Land and Water Resources. 

Dr. McDonnell will be in charge of the Water Resources Center, succeeding 
Dr* E* Bruce Jones who hat accepted a position with E.G.&G., Inc., Boulder, 
Colorado. The appointment is effective July 1, 1969* Other appointments and 
personnel changes will be made and the Advisory Coundll of the Institute will be 
reconstituted , also effective July 1, to provide up-to-date representation from 
each of the University's major colleges. 



PUERTO RICO 



Ernesto F* Colon, Director 

The urgent need for an interdisciplinary research program here in Puerto Rico 
was the original motive for the establishment of the WRRI. 

All available evidence clearly indicates a continued and increasing need for 
such research. Latest information from government sources indicates that our 
industrial growth has accelerated significantly during the past five months* • There 
is no reason to believe that this acceleration will end. On the contrary, the 
general expectation of a more vigorous economic growth in the years to come sceas 
veil supported* This situation demands an even increasing effort in the identifi- 
cation of water problems lying ahead of us. Good Quality water in the right 
amounts requires good management <ind control. But there can be no proper manage- 
ment | control, and design without the necessary scientific data to provide the 
facts on which to ba 9 e the necessary engineering and economic decisions. The 
WRRI exists to provide these facts. 

Water problems are encountered in the identification of sources and the fate 
of pollutants in rivers and bays; water demand, conservation in domestic use; 
hydrology of watersheds; water-based recreation; ground water management; and most 
Important, the impact of man, socially and economically, on water resources* 

In an attempt to alloviate pollution problems on the island the Institute has 
sponsored a series of projects in this ares. Some of these are* "The Determina- 
tion of Safe Levels of Pollution in Some Bays of Puerto Rico,” "Self Purification 
Rates of Polluted Streams in Puerto Rico," and "Determination of the Rate of Bio- 
degradation in Some Polluted Tropical Waters and in Some Types of Liquid Wastes 
Comon in Puerto Rico." These studies will be a useful contribution toward main- 
taining water quality in the island* 

In th'i area of water demand, tangible results have already been vealited in 
the project "Quantitative Analysis of Viter Use Patterns in Puerto Rico," The 
results of the industrial phase have prixiuced reliable estimates on the amount of 
water required by factories to produce a unit of certain selected products (water 
ratios) which will be of value in improving industrial location and site planning 
in Puerto Rico, 
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More results In this area are envisioned with the completion of the project 
"The Determination of the Significance of the Variables affecting Residential 
Water Consumption", which will attempt to provide an accurate prediction of water 
consumption in residential areas using the theory of 'fractional factorial 
designs' . 

The hydrology of the numerous watersheds in Puerto Rico Is practically un- 
known* However, the Institute has sponsored a project "Hydrologic Study of the 
Yaguez River Watershed." The Yaguez River, a short distance from the Institute's 
headquarters, is a constant menace to the residents of Mayaguez who have ex- 
perienced large economic losses due to constant flooding of this river. The 
results of the study will provide information to the Public Works Department, 
which has exhibited keen interest In the project by contributing financially. 

Water-based recreation constitutes an Integral part of the tourist industry 
which is a primary income generator for the island. In this area, no research has 
been done and for this reason, the project "Demand for Water-Based Recreation in 
Southwest Puerto Rico" was developed with the hope of providing a critical evalua- 
tion of factora affecting the development of water-based recreation. 

Other projects such as: "The Impact of Water Resources on the Economic and 

Industrial Development of South Puerto Rico," will examine how man's activities 
have affected the management and development of water resources on the island. 

As In former years, the Institute pattlcipates actively both In public and 
academic affairs, such as sponsoring a symposium In cooperation with the Office of 
Water for Peace, entitled "Land and Water Resources Planning Education in Latin 
America" In which practically all countries In the Caribbean and Latin America 
were represented. 

During the last fiscal year, a direct allocation ($25,000.00) from Cowuon- 
wealth funds through the University was provided for the first time. As originally 
recommended by Dr. Antonio Santiago Vazquez, former Director of the Institute now 
Secretary of Public Works of the Commonwealth of Puerto Rico, an advisory Comnittee 
to the Director was appointed. It is composed of twelve Interdisciplinary faculty 
members. The former Director of the Puerto Rico Aqueduct and Sever Authority Is 
also a member of this Committee. 

The problems encountered In administering the program may be divided into two 
broad areas* First, as It Is not a separate administrative research unit the 
Institute must depend on the systetnt and procedures long established at the Univer- 
sity of Puerto Rico. These arrangements do not respond to the unique needs of 
Investigators but rather traditional academic routine. However, good progress Is 
being made In changing old concepts and procedures. The Administration of DPR has 
been most cooperative in the process of establishing mote efficient cost and pro- 
curement methods to suit our needs. 

Second, the distance from lh'„ mainland, the higher costs for everything here 
lr. Puerto Rico and the inadequacy of funds, both Federal and Commonwealth, consti- 
tute a permanent problem. 



RHODE ISLAND 
A. Ralph Thompson 

Rhode Island's Currant and Anticipated Problems 



The Rhode Island Water Resources Center has taken an active interest In water 
problems of concern to the State aa veil as the Hew England region. The location 



and climate of Rhode Island have supplied It with an excellent supply of fresh 
water so that, If it Is handled properly, the State should not requite additional 
water sources for some years* In order to preserve the supply, however, it Is 
well that consideration la being given to the problems of conservation, storage, 
pollution, re-use and alternate sources, such as desalination, far In aavance of 
a possible crisis. 

As in many other sections of the country, one of the main problems in Rhode Island 
occurs as a result of the conflict in the alternative uses of water. In the pro- 
posed development of the Big and Wood River reservoirs thought t been given to 
all possible uses of the water* Industrial pollution of st? J9t, of course, 

be given constant attention and research at the Center ha? o solve prob- 
lems In this area. A specific State problem which has bt led by the Center 

In cooperation with the State Water Resources Board and the U.S. Geological Survey 
Is the presence of high concentrations of iron and manganese In groundwater 
supplies* OWRR project A-003-RI and A-017-RI have made valuable contributions 
to this problem. 

Main Objectives of the Center 

Since the Center began, It has had as its goals: 

(1) Determination of the condition of water In the State and preparation 
for future needs and alternate sources. 

(2) Alleviation of water pollution through research to determine the 
sources and nature of industrial and domestic pollutants, 

(3) Economic and social analysis of water supply and use to determine 
means of increasing economic efficiency* 

(4) Assistance in solving the problem of conflict In water use, 
including recreation* 

(5) Development of improved information retrieval systems. 

Moat projects supported to date have contributed to these goals* Current 
research projects dealing with present wat *r conditions are A-017-R1 (iron and 
manganese in water), A-01B-RI (yellow organic matter in fresh water) and A~019-R1 
(trace elements water). Two projects (A-G16-R1 and A-023-R1) consider soil 
properties of value in future reservoir construction, while one project 
is involved with an important phase in the desalination of sea water* A number of 
projects have naturally dealt with various pollution problems: structure vs* 

activity (A-021-RI), viral flora (A-025-RI), flocculation of colloids (A-024-Rl) t 
bioassay wit* cultured manoalian cells (A-027-R1), characteristics of fresh- 
water phytoplankton (B-006-R1), and biochemical oxidation of hydrocarbons in water 
(6-020-RI) . 

Although, in t\t past, much of the research of the Center has been concerned 
with analytical problems of a chemical or biological nature, it appear that within 
the next five years the trend will shift somewhat in the direction of planning, 
social, economic and legal problems as indicated ftr next year in projects 
A-032-R1 and B-022-R1. 

Useful Results from Research Completed This Tear 

Interesting results were obtained from several projects completed during the 
year. The work on project A-017-R1 showed that sodium hypochlorite can be effect 
tively employed for oxidation of iron and manganese in water and for their aub~ 
sequent removal by cartridge filtration* 
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Research on project A-025-RI confirms the auggeation that water may be a 
route for transmission of avian viruaea, from birds (including chickens) possibly 
to humans. The need for improved methods of monitoring inland water for viral 
pollution was strongly emphasized and this project will undoubtedly make a major 
contribution to this end. 

Some startling resulta were found concerning the toxicity of some water 
pollutants using bioassay with cultured mammalian cells in project A-027-RI. 
Experimental results suggest that it may be dangerous to overemphasize the 
banning of some pollutants such as DDT when little ia known about alternate peatl- 
cldes which may be more toxic. 

During the year the Center supported five projects, using non-Federal funds 
entirely, on a one-year basis to enable the Investigators to get new research 
initiated.’ 

Regional Cooperation 

The Rhode Island Center worked very closely with the State Water Resources 
Board and with the Hew England River Basins Commission and the Director has 
appeared before both groups to supply Information when requested. 

The Director of the Rhode Island Center has served as Chairman of the Hew 
England Council of Water Center Directors since January 1969, and was elected 
Secretary cf the Northeast Association of Water Resources Research Institute 
Directors at its meeting on April 14, 1969. 

The New England Council spent much time preparing for a conference on 
"Ecological Considerations in Water Reaources Planning and Management" and doing 
the preliminary work on a regional research project to be submitted under Title II 
next year. 



SOUTH CAROLINA 



A. W. Snell 

The major current and anticipated water problems for the State of South 
Carolina Include (1) water quantity distribution, (2) water quality preservation, 

(5) water resources planning, (f) institutional arrangements or water policies, 
and (5) orderly development of coastal estuaries. Due to the expected Increase in 
industrial development, accelerated urban growth, transition to a more Integrated 
agriculture producing and processing higher valued commodities, Increased demand 
for improved water-based recreation, and encroachment upon the coastal estuaries, 
each of the water problems stated above is expected to continue to expand. 

The Water Reaources Research Institute program is planned so as Co maintain 
a balance of project activity seeking answers for the highest priority water 
problems. Interdisciplinary research is encouraged on the more complex water 
problems. Close coordination la maintained wit?* State and Federal agencies and 
the South Carolina Water Resources Advisory committee in the identification of 
priority problems. 

Many individual projects of the Institute will be directly applicable to 
existing water resources problems. The study of legal problems will assist policy- 
makers and legislators in defining the most needed statutes and institutional 
arrangements for water management in South Carolina (B-OOI-SC). Research on current 
land use in eatusrlne area* will be used as an input by the State Task Force on 
tldelsnds to develop a comprehensive management plan (B-012-SC). Results from 
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Institute supported projects will provide increased technical knowledge for design 
and planning. Removal of impurities can be substantially improved by an addition 
to the trickling filter effluent (A-012-SC). The computer modeling of limnological 
parameters for use in predicting water quality should provide additional information 
needed In water quality control (A-016-SC). Computer models under development will 
provide flexible and efficient techniques for predicting characteristics of exist- 
ing or proposed water distribution systems (B-0G6-SC) . A detailed study of the 
Interflow process and its controlling parameters could lead to soil profile modifica- 
tion resulting in faster seepsge to the water table and better stream-flow stabil- 
ization by reducing contributions during high flows and increasing based flow 
(B-008-SC) . 

Completed research provides information applicable to many water resources 
problems. The popular belief is that those who lower the level of water quality 
should pay for such action and that the funds should be given to those adversely 
affected by reduced quality. One study, however, (E-004-SC) concluded that economic 
efficiency is best served by using the funds collected wherever their productivity 
is highest. Another study under the same project concluded that many of the ways 
now used for measuring the benefits to those who use water for recreational purposes 
result in an over-statement of the economic value. The marginal value rather than 
the average value of recreation will be necessary if water quality is to be allocated 
so that water is put to its most valuable use (B-004-SC) . Although no Induced 
polarization effects were noted in a study of the geophysical methods of electrical 
resistivity and electrical Induced polarization, it in possible to distinguish the 
various lithographic units such as soil horizon, bedrock, water saturated over- 
burden, and unsaturated overburden horizons with electrical resistivity measurements 
(A-011-SC). The amount of DDT accumulated by fish has been determined in relation 
to the level of contamination in the water. This information is being used to 
determine restrictions that should be placed on the use of DDT that w^uld contaminate 
water (A-013-SC) . Capabllitlea gained from operation and testing of the Stanford 
Watershed model will enable the simulation of probable event9 on ungaged streams or 
those with short-term records. The effects of historical *r anticipated watershed 
changes on hydrologic performance of the watershed can \i investigated using the 
model as a tool (A-010-SC) . Experimental data to checx a mathematical mode] of 
transpiration from the root tone to the atmosphere showed transpiration to cycle 
with a quite regular period and amplitude indicating the doubtful value of using a 
steady-state model to describe the phenomenon (8-001-SC). Economic data on water 
use, waste treatment, v^ter pollution and related data in South Carolina manufactur- 
ing plants were distributed for use by action agencies (A-002-SC). 

The Institute coordinates its programs very closely with State and Federal 
agenclea. The Institute is represented on the South Carolina Water Resources 
Commission, the South Carolina Pollution Control Authority, and exerts leadership 
on the Governor's Advisory Committee on Water Resources. Members of the Institute 
faculty serve on Task Forces for Stat! studies, participate in schools for treatment 
plant operators and others and serve as consultants in other state-wide capacities. 
The Councils of the Institute sponsor seminars, discussions, and field trips for 
students and staff on important water resourcea activities. 

Meetings have been held with Institute Directors of neighboring States an^vlth 
action agency representatives in developing projects applicable to the State or 
Region. 

The State of South Carolina has and is continuing to make a significant 
contribution to water resources research. The mo&t significant item during 
the past year was the appropriation through the Water Resourcea Commission of Stste 
funds to support the Institute. In addition, the Water Resources Commission has 
been instrumental In bringing together representat Ives of dlverae groups to dlacuas 
water resources problems providing a stimulus to water resourcea research. 
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SOUTH DAKOTA 



John L. Wiersma 

Water problems of the State revolve around efficient use of the limited annual 
precipitation received. Development of an irrigated agriculture is underway. 
Groundwater sources as well as surface stored water resulting from Missouri River 
Basin development is bringing forth problems allied with irrigation development. 
Pollution from agricultural sources , a problem closely allied with eutrophication 
of prairie lakes, is of extreme interest, resulting in amplification of research. 
Planning of efficient water use, determination of social implications and inherent 
political complications of resource development must be solved in order to promote 
economic stability to the area. 

The program of the Institute is focused primarily on immediate research needs. 
Research on current developed privfte irrigation is leading the way for determination 
of proper practices on the anticipated Missouri River water irrigated land. Project 
A-001 is determining the effect of marginal quality irrigation water on accumulation 
of salts and alkali in irrigated soils. Project B-004 involves salinity above a 
water table as affected by rainfall and irrigation. These projects will be instru- 
mental in determining drainage requirements, a key to successful irrigation of many 
South Dakota soils. Project A-017 is evaluating operation of current irrigation 
systems, information that can be extrapolated to future developments whereas 
Project B-009 is maV:ing an economic analysis of irrigation systems. Pollution 
research from agricultural sources is emphasized because quantity control regulations 
are being formulated for all surface waters. The Institute is meeting the need with 
several projects. A-025 is studying quality and quantity of runoff from livestock 
feeding operations and relating this to hydrological and geological considerations. 
Bacteriological water quality analyses of methods for detecting fecal pollution, 
Project A-019, is addressed to the problem of developing methods for distinguishing 
between human and animal sources of pollution. Irrigation waste water and rainfall 
runoff, carriers of wastes, will receive intensive attention. Degradation of prairie 
lakes, an inseparable problem from pollution, is receiving major attention* Project 
B-002 has two phases, dynamics of limnological factors and levels and effects of 
insecticides. Project B-013 determines the effect of dredging on nutrient levels 
and biological populations of a lake. Efficient use of rainfall is receiving 
attention through Project A-018 which is devising a method based on soil-plan t- 
meteorological relationships for more efficient utilization of water and solar 
energy in crop production* Projects B-008 and B-005, are involved in resource 
planning to determine the impact of imposing a water quality standard on a live 
stream. It is the intent of the Advisory Committee to promote added activity in 
this and social economic areas. 

Completed and ongoing research is beginning to solve current problems. A-010 
has shown that water losses to sinkholes are essentially in balance with gains 
to the resurgent springs. This information has made it possible to advise planners 
that plugging sinkholes may have serious effects on yields from major springs, but 
will probably not affect recharge of the limestone artesian system beyond the out- 
crop area. Project A-015 has shown that much more stringent controls in the use 
of chlorinated hydrocarbon insecticides must be practiced if man is to maintain a 
quality environment. Results from Project B-002 indicate a concentration of 
dissolved solids can be expected to occur in many shallow northern prairie lakes 
under ice cover and thus cause substantial chemical changes during winter months. 
Project A-017 concludes that the energy-budget approach of estimating consumptive 
use is a reliable method of soil moisture estimation. Improved methods for 
enumeration of Streptococcus bovls from ruminant water pollution have been developed 
by Project A-019. In order to meet water quality standards, planners will need 
to consider low flow augmentation to offset projected reduction in downstream 
river flows when extensive groundwater development reduces late year yields, accord- 
ing to results found in Project B-005. Project A-025, studying pollution potential 
of runoff from livestock feeding operations, is providing guidance for preparing 
regulations to control pollution from feedlots. 
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The Institute is becoming recognized au a place to secure information on 
water resources. Some staff members and the Director, are serving on several 
State and National committees including one on rural wastes In addition, they are 
serving on Committees in State and National Recla ation Associations and professional 
societies. A committee deva^oping a State irrigation guide includes the Director* 
State standards for "Irrigation Wells" and for "Irrigation Pimping Units" are being 
developed with aid of the Institure. Various project reports have been useful to 
special groups such as livestock feeders and growers, lake associations, League of 
Women Voters, State Legislatures, and Conservancy Districts. 

The Mid-Continent Water Research Directors have made it possible for principal 
investigators in the areas of evapotranspiration and pollution to have region-wide 
discussion sessions on their problems. This group will be sponsoring a symposium 
of "Agriculture and Water Quality." 

Although the Institute has encountered problems such as obtaining qualified 
graduate students and an apparent lack of interest in the important socio-economic 
area, it is felt that progress is being made. The increased support by the State 
indicates a mutual fee]ing. 



TENNESSEE 



Floyd C. Lareon, Director 



Water Problems 



Water problems in Tennessee are concerned primarily with the quality and 
quantity of ground and surface water. Additional geologic studies of ground water 
behavior are needed along the Highland Rim and in other areas of ground water 
deficiency. With respect to impounded waters, there is a need for more basic and 
applied knowledge of density currents as related to temperature for thermal pollu- 
tion, stream flow, mathematical models, dissolved oxygen and other water quality 
parameters. More information is needed on flow augmentation frou. storage reservoirs 
as a means of upgrading poor water quality of downstream water bodies. There is 
concern over continued growth and movement into the TVA reservoirs of Eurasian 
watermilfoil which interferes with water-based recreation and other water uses. 

An Asiatic clam has also invaded these reservoirs. It creates a problem to sand 
and gravel operators as well as to operators of pumping stations where reservoir 
water is being used. 

Flooding of both large and small streams occurs in Tennessee. In the con- 
trolled surface water systems, flood damage is minimized by flood routing through 
the reservoirs. In unregulated systems, however, flood plain zoning plais or other 
protective devices or systems should be developed and implemented. 

Problems may also arise for water front landowners who have property on 
tributary reservoirs when primary emphasis is placed on flood control and power 
production. Extreme changes in water levels which occur in the tributary reser- 
voirs aie not in the best interest of shoreline development and impedes economic 
progress. An economic study involving all facets of this problem should be under- 
taken. Economic analyses of the need for water front industrial sites need to be 
developed. 

Additional research attention is warranted on paper mill effluents, salt 
coming from a neighboring State, and problems of wastes from cannery, meat, milk 
and laundry plants. An investigation of the renovation of waste water for reuse 
would be useful to water users in the State. 

Recent reports of legislative committees dealing with water law bills show the 
need for a thorough economic, technical and legal study { in depth) of the present 
water laws. 
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Current Research 



Broadly speaking, ongoing projects in FY 1970 in water quality work are listed 
as follows: A-013-TENN, A-014-TENN, A-019-TENu, B-007-TENN and B-010-TENN. Water 

quality parameters in physical, chemical and biological terms are collected from 
Fort Loudoun Reservoir in projects A-013-TENN and A-014-TENN and will show the 
effects of additional industrial and municipal treatment given in the waste water 
control system for the City of Knoxville. Project A-019-TENN will continue on the 
geochemistry of ground water in Skillman Basin, Central Tennessee. This work will 
add knowledge of the relationship of the quality of precipitation to that found in 
ground water. Project B-007-TENN relates to water quality studies in that the 
theoretical and experimental laboratory work gives a further insight to the physi- 
cal mixing process of fluids. It will be most useful in predicting what effects 
the introduction of contaminants will have on downstream water quality* Project 
B-010-TENN will improve techniques for laboratory experiments, design new tests 
for hydraulic transients, and extend hydraulic transient tests to uniform steady 
flow conditions* Again, additional knowledge of the hydraulics in a reservoir 
system has a direct bearing on water quality parameters. Do the contaminants move 
downstream or upstream under certain operating conditions? The results of his 
project will be most informative. 



Project A-012-TENN deals with fundamental research on Isotope effect on tie 
thermodynamics of water. Project A-015-TENN, is concerned with the quantity of 
surface water in relation to the growth of manufacturing employment in a county, 

In the future, the research will include the influence of water quality on the 
location of industry and the role of ground water as a source of industrial water. 
Project A-018-TENN will study virus removal by several conventional water ar.d 
waste water treatment processes . In project A-017-TENN existing drought data will 
be compiled, computerized and analyzed and the information made available for 
evaluating soil-crop-moisture-fertility situations. 

Implementation of Research Results 

Results obtained from project A-003-TENN on small reservoir sealing have been 
used to successfully treat at least six ponds In the State. Hie Principal Investi- 
gator for this project has also made many on-site visits to small ponds and made 
recommendations for sealing them. 

Many inquiries have been received from TVa, the Tennessee Stream Pollution 
Control Board and others regarding copies of WRRC Technical Bulletin #1. This 
bulletin contains three years of raw data secured from project A-006-TENN on 
effects of controlled releases on the physical, chemical and bacteriological 
characteristics of Fort Loudoun Reservoir. 

O ther Activie8 and Accomplishments 



The Tennessee Center Director is an active member of the Clean Environment 
Council of the Greater Knoxville Chamber of Commerce and represents the Council on 
watet resources matters. The Director and principal investigators of P.L. 88^379 
projects, through various public and academic involvements, participation >n con- 
ferences and other activities, strive to promote public education and advance 
water conservation and management. Increased effort will be made to enlarge 
matching grant program participation in the State. 
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TEXAS 



J. R. Runkles, Acting Director 

During the pact year, the Texas Water Plan was released by the Texas Water 
Development Board. The Texas Water ?ian is a comprehensive statewide plan for the 
conservation, protection, development, redistribution and administration of the 
State 1 8 water resources to meet the needs for all purposes to the year 2020. The 
solution of many of the State 1 a water problems is outlined in the Texas Water Plan. 
The magnitude and complexity of this plan exceeds that of any water plan in exist- 
ence in the world today or even in the planning stage. 

Today, Texas has many water problems involving both quantity and quality of 
this resource. Groundwater aquifers presently supply about 75% of the water used 
in Texas. More groundwater is being removed in some areas of the State than is 
» being replaced by natural recharge. By far the bulk of the surface water resource 

occurs in Ea6t Texas while projected needs are great in West Texas and Southwest 
Texas. Interbasin transfer within the State will be necessary to meet some of the 
State's anticipated needs. Projected needs for water reveal that the present fresh 
water supplies from both surface and aquifer sources within the State's borders are 
not adequate, thus importation will be necessary. 

The streams, groundwaters and coastal waters are being used to dispose of 
waste effluents. Pollution problems are severe in many streams and especially In 
the ’ays and estuaries. The extent of groundwater pollution is not adequately 
known, but it is believed to be serious in many places. Pollution of the water 
resource from both man's activities and natural sources needs to be abated as 
rapidly as possible and further pollution prevented. Water quality management is 
an Integral part of water planning for maximum beneficial use of water, maximum 
reuse of waste water, and tc preserve the bays and estuaries. 

Water problems associated with implementation of the Texas Water Plan are of 
considerable magnitude. The problem of physical transfer, storage and conserva- 
tion of the large quantity of water involved presents a great challenge to our 
science and technology. The chemical, biological and ecological problems related 
to the water development plan will need the attention of many scientific disci- 
plines to adequately protect and use this resource. The social, cultural, eco- 
nomic, and institutional problems associated with the proposed water development 
will require considerable imagination for this solution. 

Since the beginning, the Water Resources Institute has directed its activity 
to many of the critical water problems of the State. Research on the agricultural 
resources of the State in relation to water development (A-001-TEX) was used in 
developing the Texas Water Plan, Economic impact of different levels of irri- 
gation on the State's economy (B-005-TEX) was also used in developing the water 
plan. The economic impact of water impoundment on the surrounding community has 
been more clearly defined by research of the Institute (B-00 j-TEX and B-019-TEX) . 
Several analytical models have been developed for investigating selected water 
resource planning problems. A regional input-output model has been developed and 
is useful in demonstrating the Impact of wafer resources on a regional economy 
(A-004-TEX) . The pollution of the Houston ship channel was described by an 
analytical model (A-004-TEX) and is now under intensive analysis as part of the 
Galveston Bay Study, Specialized optimization techniques have been applied to 
water quality and water quantity management problems in relation to planning 
(B-024-TEX) . 

The irrigated areas of West Texas which is expected to be deficient of water 
in the future without importation to the region has received considerable research 
activity of the Institute. The loss of water by evaporation from the soil surface 
(A-006-TEX) is being investigated as well as possible economic methods of sup- 
pression (B-002-TEX). Recharge of playa lake water into the Ogallala ground- 
water formation is one consideration for the West Tex^s area. Recharge systems 




179 



(B-016-TEX) are being studied in combination with playa lake sediment composi- 
tion (B-004-TEX) and certain aspects of water quality (B-007-TE'O . Treated 
sewage (B-021-TEX) as a source for recharge ie being examined as to Its influence 
on groundwater quality. 

During the next five years, the thrust of the research program of the 
Institute will be to water problems revealed during the development of the water 
plan and those anticipated in order to effectively implement the Texas Water Plan. 
Considerable emphasis of the research program will be on economic theory related 
to cost-benefit assessment of the different aspects of the Texas Water Plan. Oper- 
ational research on water quality and water quantity problems will receive con- 
siderable attention. Water conservation systems of both land and water surfaces 
will be investigated. Water quality problems associated with pollution abatement 
and with restoring polluted areas to a productive capacity will receive consider- 
able activity. 

The Institute has become involved in public affairs concerning water resources 
in its role as a unit in a public university. The Director periodically speaks to 
groups concerning the importance of water resource problems. The Institute has in 
the past year received a sizable increase in correspondence with questions concern- 
ing water resources. All inquiries received a response. 



UTAH 

Jay M. Bagley, Acting Director 
Current and Anticipated Water Problems 

Within an arid regional setting, Utah faces a most significant continuing 
problem in developing and utilizing its water from interstate streams. Although 
compacts specify entitlements and permit individual states to move forward in 
their development, there is still a great deal of accommodation required to 
resolve the Interstate perturbations resulting from the development and use of 
water from a common supply. The interstate problems of allocating and developing 
Interstate waters will be formidable also. 

Utah *111 continue her urban build-up along the narrow band commonly 
referred to as the Wasatch Front thereby intensifying water quality management 
problems. Even with secondary treatment of sewage, the effluents of many city 
treatment plants co-mingle in the Jordan River with the result that quality 
standards set for that stream ate already exceeded. The Great Salt Lake Is the 
ultimate sink for water wasting from this concentration of municipalities and 
Industries along with the agricultural enterprises served by the Bear, Weber, 
and Jordan Rivers. Large quantities of water find their wa> into the lake and 
arc evaporated. One of the greatest water challenges of the century will be to 
(1) reduce these discharges to the Great Salt Lake and transfer them to water 
deficient areas elsewhere to serve as economic stimuli; (2) at the same time 
presi rve the unique natural aesthetic and recreational attributes of the lake, 
and (3) encourage the extraction of the vast mineral wealth contained In the 
brines of the lake. 

Principal Research Thrusts Over Ne xt Five Years 

In large measure the research thrust of the Utah Center Is dictated by the 
priorities and guidelines being follu^ed by OWRR in the selection of proposals 
for funding. However, all of the current projects of the Utah Center have 
direct or Indirect application to Utah problems. In the next five years the 
Utah Center expects to engage in a broad but coherent spectrum of research 
activity aimed at providing solutions to some of the problems suggested under 
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the general discussion In the previous section. For example, project B-027 
should provide guidance and Insight Into how the state might allocate Its 
entitlement to the Colorado River. Project B-028 will provide a basic i.iodel 
of the Bear River system which can be employed to test alternative schemes for 
development. Projects B-004, B-009, B-013, and B-025 are directed towards 
improving methods of describing physical alternatives. Projects A-006, A-007, 
A-008, and B-010 will provide Important keys to specific segments of the water 
quality management problem. 

Use o f Research Res ults 

Some of the telemetry developments under Project A"002 are being effectively 
employed In other research (weather modification, air pollution, water quality, 
etc.). Tney are also being used in operational programs of the U. S. Department 
of Agriculture. The Hydrologic Atlas of Utah developed under B-001 has been 
enthusiastically received by a variety of state, federal, and private agencies. 
The Utah Tax Commission Is making rather unusual use of the Atlas materials In 
Its appraisal and evaluation procedures. 

The Water Resources Division is making more routine use of the analog com- 
puter models developed under B-005, B-016, B-017, and B-028 in testing specific 
alternatives. Also being utilized are results of B-004, B-009, B-015, and A-001 
as guidelines to the economic and social value or water. 

It Is anticipated that results obtained from projects A-003, A-006, and 
A-008 will assist In tho more efficient design and operation of sewage lagoons. 

O ther Activities and Ac co mplishments ^ 

The significant involvement of Center associates In public affairs continues 
high. A no' able example Is the assignment of D. F, Peterson during the past year 
as director of the Water for Peace frogram in the State Department. Many others 
are se vlng in various federal, state, local, and professional and scientific 
organl .cions as officerp and committee members. Center associates continue to 
be the prime movers and key participants in new academic offerings, Institutes, 
seminars, and workshops having to do with water. As In the past, several asso- 
ciates have been abroad participating In training, research, or consulting 
activities. Significant contracts for research and training have been nego- 
tiated this year with AID. 

One of the difficulties encountered in administering the Water Resources 
Research program has been late notices of proposal acceptances or rejection. 
However, a new schedule recently provided for FY 1970 jhould lessen the problem. 

The fact that PL 379 does not permit payment of fringe benefits from federal 
funds is a constant consternation to the University Business Office. This 
unwarranted provision nveds to be changed. 

The Utah Center is administered by a council of seven men from various 
disciplines with one of them acting as chairman. In addition, an advisory com- 
mittee was recently selected which will facilitate closer correlation between 
the Center and agencies, schools, Industries, and other witer-related interests 
throughout the state. 
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VERMONT 



Thomas W. Dowe, Director 

Vermont's Center recognizes problems in quality, quantity, and management 
of the State's water resources. 

As with many otter Rtatcs, sections of Vermont have been subject to periodic 
shortages of water in the pist few years. With Increasing demand, these short- 
ages will become frequent unless the state grows more efficient in resource 
development and utilization. However, efficiency is difficult in the absence of 
a detailed understanding of the available resources and the processes controlling 
watershed yield. 

Growth has also impelled Vermonters to recognize the possibility of pollu- 
tion of its waters. Uke Champlain, one of the largest and deepest lakes in the 
United States, ia particularly subject to the danger of pollution. Dangers 
include petroleum contamination, industrial waste, and a possibility of excessive 
eutrophication. In this area again, lack of knowledge is a great problem. 
Scientists and government planners must know the physical, chemical and biologi- 
cal properties of a body of water before they can assess the possibilities of 
pollution and plan against them. 

The quality and quantity of water resources in a state also depend in great 
part upon the use and management of the lands and forests in che various water*- 
sheds. Yet little is known of the specific effects of various management prac^ 
tlces and uses. 

To solve the problem of water quality, quantity, and management which the 
Center has recognized, prog jna have b2en planned in Lake Studies, Watershed 
Studies, and Surface and Ground Water Supplies. Related to the Lake Studies, 
and considered here with them, although they are separate projects, are studies 
on the chemical characteristics of precipitation in the Champlain Valley, the 
Lake Champlain phytoplankton, and the bottom sediments of the lake. 

Lake Studies 



Limnology studies are designed to analyze the physical, biological, and 
chemical aspects of Lake Champlain and other lakes in the state* Before their 
inception, virtually nothing was known of Lake Champlain's characteristics. 

The specific purposes of phase one of the study (A-001) were to ascertain 
the nature of eeveral water masses in the state, identify the biota, and evaluate 
the hydrologic dynamics of the lake and its watershed. Several distinct water 
masses have been identified, and the researchers are developing an understanding 
of their meaning. They've also analyzed the general quality of the lake and 
pinpointed possible problem areas. The major species of zooplankton have been 
identified and seasonal distribution of certain groups studied. Researchers 
have also identified the bottom fauna from most shallow bays and are now starting 
studies for deep water fauna. In addition, they have made estimates of the water 
budget of the lake. 

With the State Department of Water Resources, researchers are making an 
intensive study of a part of the lake adjacent to the proposed site for a nuclear 
power plant. Another cooperative project is a study of Lake Memphremagog, an 
international body of water. 

An advanced class in limnology has conducted a survey of a potential water 
reservoir for the city of Winooski under their Model Cities Program, 
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The second phase of tne study will include an analysis of the nutrient input, 
of the lake and other specific projects to aid in understanding ecology of the 
lake for proper management. 

Related roJ_ec_t_s 



Phytoplankton (A-009) 

The normal pattern of recurring successional changes of algae has now been 
established, Algae which are known indicators of water conditions are currently 
being studied in more detail. 

Bottom Sediments (A-003) 

Analysis of bottom sediments helps in evaluating the present quality of 
Lake Champlain. Wastes are deposited there, and the sediments also reflect the 
nature of benthonic organisms, In first stages of the program, che investi- 
gators concentrated on surface sediments; later they will study the depth 
sediments , 



Glacial Biology of the Lake Champlain Valley (A-006) 

Studying approximately three- fourths of the Champlain Valley has provided 
extensive information on the amojnt and location of ground water supplies, sand 
and gravel resources, and areas where erosion could be a problem. The informa- 
tion has also been used in evaluating the success of an erosion control program 
instituted by the SCS and Corps of Engineers on the Winooski River in the 1930's, 

Precipitation (A-007) 

This project was designed to Indicate che significance of precipitation as 
a cleansing and enriching agent in the Champlain Valley, 

Wate rshe ds 

To eliminate present duplication and lack of coordination <n watershed 
administration, Investigators are comparing vario; j means of ackinistrat ion. 

Other researchers are attempting to determine the economic impact of certain 
recreation facilities in selected river valleys. 

Engineers are studying the parameterization of observed hydrographs as a 
means of understanding runoff phenomena from email watersheds (A-003). 

Sur fac e and Grou ndwater 

Alms under this program were to investigate the physical processes of the 
hydrologic cycle, analyze the existing data pertinent to the quantity and quality 
of Vermont water resources, survey and assess the largely unexplored ground water 
resource of the state, and Improve the means of small supply purification, 

Progress on some of these alma has already been reported under previous headings 
e.g. Glacial Biology. 

Academic Coopera tion an d S t ud en it In volv ement 

Funds from PL 88-379 have enabled the Vermont Center to bring together 
scientists from the colleges of agriculture and home economics, arts and sciences, 
technology, and medicine, and to provide research opportunit lei; fc< graduate 
students. 
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VIRGINIA 



William R. Walker, Director 

Although Virginia has an average of 43 Inches of r£*n por year, water prob- 
lems of both quantity and quality are very prevalent* Research aimed at pro- 
viding information related to both 'hort and long range objectives ire a necessity 
If effective utilization of its water resources is to contribute to a strong 
state economy and at the same time provide a quality environment* 

In an effort to identify many of the critical water problems facing the 
state, a series of meetings were held with state agency leaders and faculty 
members froir a variety of disciplines. It became Increasingly evident to the 
participants that many of the problems could not be solved independently and 
that the sura of the solutions from separate disciplines Is not likely to be the 
solution of the whole. 

Much of the information which research can provide la viewed by state agency 
personnel In terms of technical and economic needs, the legal and institutional 
restraints appearing less obvious. Awareness of the deficiencies in the field 
of sociology and psychology as related tc water resources is practically non- 
existent. 

The discussions disclosed many areas needing immediate research such as: 

A satisfactory temperature standard for state watere, pollution from combined 
sewers, methodology for investigating fish kills, compatibility of oyster beds 
with waste water outfalls, improved criteria for operation of waste stabiliza- 
tion ponds, agricultural pollution, seawater encroachment in coastal areas, 
a statistically significant system for monitoring and sampling, impart of 
reservoir drawdowns on recreation and on regional economy, conjunctive water use 
in water resources planning, resource potential of wetlands and marshes, relation 
of water resources to economic growth, evaluation of recreation and wildlife 
other than by market pricing, and water pricing as a vnnthod for allocating water 
use* 



The list does not include all of the areas which need research, yet it will 
take & significant financial input on a sustained basis by Virginia to close the 
information gap foe Just the raaearch needs enumerated. 

Thi Center's current research program gives increased emphasis to the prob- 
lem areas* Project B-009-VA deals with the ffects of reservoir operating policy 
on recreational benefits, B-017-VA is concerned with the effects of heated waste 
waters upon microbial communities, and B-025-VA is analyzing and evaluating the 
Virginia water resource administrative agencies. Project A-037.-VA involves the 
development of an electrochemical process for more economical regeneration of 
carbon used in tertiary treatment* A-031-VA is a pre- impoundment study of the 
North Anna River prior to receiving discharges from a thermal reactor* B-G21-VA 
is designed to predict surface temperature variations and evaporation losses for 
impoundments , and A-023-VA is developing a method for measuring underground 
storage. 

Some of the research completed to date has found immediate application. An 
example is Project A-008-VA which was concerned with the statutory and case law 
dealing with water resources in the Commonwealth, The first printing of the 
report (500 copies) was exhausted within six months* The demand is such that a 
second printing is in press* The city attorney of Harrisonburg offered this 
comment. "I would like to take the opportunity to compliment you for an excel- 
lent and much needed publication*" 
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Center Involvement In Pub 11c Affairs 



Liaison between the Center and water agencies , state and federal. Is through 
personal contacts by the Director* The director participates in citizen advisory 
groups to discuss the part research might play in developing the intormation 
necessary for good policy decisions* Membership on state legislative advisory 
groups enables the director to contribute in the formation of legislation related 
to disposal of solid wastes affecting water and streams, and the licensing of 
water and waste treatment plant operators* A seminar on combined sewers was 
sponsored to learn first hand the results of ongoing research, to determine 
research needs not being met and to prot.ote understanding between interested 
researchers and cities with problems needing immediate attention. The Center 
also sponsored a three-day short course on the economics of air and water pollu- 
tion for engineers and admlnistiators . 

Center Involvement in Academic Affairs 



The Center recently published a bulletin, "Water Resources Research Interests 
in Virginia." This inventory of staff capabilities at all the institutions of 
higher learning in Virginia enables the Center to readily solicit the best 
talents of the Commonwealth for research on a specific problem. 

The ditector's input into university committees such as the one on Patents 
and Proprietary Rights helps to encourage a fair patent policy for the univer- 
sity and the researcher. 

A memorandum of understanding was executed by the Center and ARS, U. S. 
Department of Agriculture to provide a vehicle for more cooperative research 
on campus. 



WASHINGTON 

Allen F, Aguew, Director 

The State of Washington Water Research Center ie now concluding a second 
major group of studies for the Washington Department of Water Resources* These 
studies, ^lthcugh or.ly indirectly supported by OWP.R, were made possible by the 
establishment and continued backing of the Center by OWRR under PL 88-379* We 
have a strong feeling that studies such as we are doing 3 hould be interdisciplin- 
ary, and have been attempting to make them so* Many of the involved faculty 
have worked together off and on now for nearly four years. 

A truly satisfactory interdisciplinary approach requires essentially that 
at every decision-nuking step every alternative and consequence be understood* 

This incredible requirement is further complicated since, if all consequences 
are to be understood, all factors must be considered. Unfortunately, many factors 
are not reduceable to common terms. It Is difficult to equate BOD reduction, for 
example, with the value of scenery. The decisions, then, in fact quite often 
become political* 

Decisions on water resource developments are made daily--too often without 
considering the overall effect or, even that there are valid alternatives. This 
is not due to the ineptness of state and federal agencies* In most cases, 
particularly at the state level, it is due to the simple fact that they are 
grossly overworked and inadequately funded. Unfortunately water resources 
agencies thus barely have time to keep up with their "housekeeping" duties and 
little or no time for planning. Since the major effort of future project con- 
struction will probably continue to be in the federal sphere--!! the state has 
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any expectations of influencing the federal forces, and it should, It must be 
prepared to critically evaluate the federal plans in line with Its own. Modern 
tools developed to aid then In the planning function will be a tremendous asset 
to their operations. 

Thus, the university-associated water research centers have the opportunity 
to be of tremendous service to the state water resources planning agencies. 
Through an integration of the multidisciplinary expertise available on the 
campuses ve can offer objective research and consultation. In the state of 
Washington wo have be^n attempting to work very closely with the Department of 
Water Resources. Through funds from OWRR and from state and private sources 
we have thus fsr been studying as many of the individual factors (water quality, 
recreation, groundwater, etc.) as possible and are planning to start our first 
systems analysis of a major area of the state. In this study computerised models 
of the hydrology, river hydraulics, economic interactions, water quality, recrea- 
tion, end irrigation will be developed individually. Wheu completed they will 
be integrated to form an operational model by which the effects of various 
alternative operating schemes can be evaluated. 

It is clearly understood that not all of the relevant factora can be incor- 
porated info a systems model. However, it is felt that the procedure we con- 
template will offer a rational method by which the planner? can compare various 
alternatives. With the successful completion of this first stage, models for 
other areas will be similarly developed and tied in. This procedure will 
eventually give the Department of Water Resources a major tool for evaluating 
any proposed plan. 

Many of the allotment projects sponsored through the Center will have 
direct application tn the systems study either as direct input or aS an indirect 
aid in evaluating alternatives; a few are discussed here. One of the factors, 
for example, which is as yet not quantifiable for direct Inclusion is the effect 
on waterfowl reproduction of the envelopment of a water resource. Project 

A-005-WASrt, "Some Effects of Water Impoundments on Waterfowl Populations and 
Reproduction on the Snake River," by Dr. Irven 0. Buss has been attempting to 
fill this knowledge gap. Project A-003-WASH, "Simulation of a Water Resource 
System," by Dr. D. E. Bevan and tr* C. J. Paulik, however, has shown that many 
of the effects of flow and water quality can be simulated to show the effect on 
fish. 



Several projects deal directly with the stochastic nature of runoff and 
will be incorporated into the system model with only slight modification. 

Projecc A-020-VASH, "Serial Correlation in Annual Stream Runoff," by Prof. T. 
Campbell, Project A-028-VASH, "Runoff Generation aa a Function of Precipitation 
and Watershed Chirac ted St ics ," by Prof. J. Gladwell and Project A*022-WASH, 
"Methods of Analysis and Determination of Efiects of Alternative Uses of 
Forested Lands on Streamflov," by Dr. S. Gersel are typical of those underway 
or recently completed. 

A project dealing specifically with the water requirements for irrigation 
use will be o' particular importance to economic analysis: Project A«02$*WA$H, 

"Maximising Productivity of Water Used for Irrigation of Agricultural Lands," 
by Dr. H. Whittle«e> ar.d Dr. W% Butcher, tn addition, the physical and economic 
effect of water quality control will ta included as a result of studies sponsored 
by the Department of Water Resources. 

Future activities of the Washington Water Research Center will show an 
increased emphasis on public communication. Although seminars and conferences 
have been and will continue to be sponsored on campuses, greater effort will bw 
m*» de to involve nxi'universlty people in these activities. It is expected that 
these functions wilt be of interest to both technical and uon-tuhnical people 
interested in the water resources of the state and region. There will also be 
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renewed interest in establishing close ties with the decision makers of govern- 
ment at all levels in order to open the lines of communication which are ail too 
easily closed. Finally, a regular newsletter will be published in which water 
resource problems of the area will be discussed* 



WEST VIRGINIA 



Chester L. Dodson, Director 

The water-resource problems of West Virginia are chiefly related to flow 
characteristics of streams and to water quality* Space and time distribution of 
precipitation, mature physiography expressed by rugged and steep topography, and 
impermeable bedrock and shallow soil relate to the flow characteristics. The 
fundamental characteristics are extremes of flow caused by rapid runoff* 

Water quality is basically related to the flow extremes and to mine, indus- 
trial, municipal, and agricultural effluents. Acid mine water causes an out- 
standing example of water pollution but other causes of water pollution are 
equally significant* A problem that is becoming increaaingly significant ia 
heat pollution caused by steam electric stations* Using coal to generate elec- 
tricity is vital to the future economy of West Virginia, but keeping the adverse 
effects of cooling to a minimum will require optimum management of the water 
resources* 

Lack of knowledge can be considered the greatest of all water problems* The 
lack ranges across the unavailability of basic data, the unknown ecologic effecta 
of water quality, the aoclal effects of water-resource development, and on to the 
lack of trained water-resources manpower* Much new knowledge must be gained if 
the state la to obtain the greatest benefits from Its water resources* 

Mali: Thrust Toward Problem Solving 

Although not so limited, the main thrust of the Water Research Institute 
has been, and during the next five years will be, toward solving water-quality 
problems* Although partly incidentally, most of the effort has been related 
to acid mine water* In the future, more research will be related to thermal 
quality and socioeconomic effects* 

Accomplishment-using results from a given project cannot be totally and 
•pacifically limited, identified, or defined because, among other things, the 
future cannot be known, but some examples can be given, Results from completed 
Project A-001-WA will aid in uaing knowledge of the effect? of acid mine water 
on fish to establish more rational water-quality standards and perhaps to estab' 
liah recreational fisheries in streams containing low-quality water' On-going 
Projects A*016-\NA and A-017-WA continue the studies begun under A-001-WA and 
are expected to give more positive and useful knowledge. Completed Projects 
A-002-WVA and A-OU-WA and on-going Project A-01 *-wva have yielded, and are 
expected to yield, knowledge of the microbiology of mixtures of acid mine water 
and sewage that tan be of far-reaching significance in management of water 
quality and perhaps will lead to new treatment methods* 

Completed Re sea rch Results being Used 

Host project completions heve beer so recent and so few reports have been 
published that u se of the research results has barely begun. The largest use has 
been in planning new projects. Methodology related to runoff, which was developed 
by Dr* Vulli L. Gupta oo Project A-003-WVA, is receiving widespread interest and 
ia being used by others* Results of cher.ical analytes done at part of Project 
A»00&-VVA were used in planning a community water System and saved about a year 
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of planning time. Results from Project A-006-WA are aiding in prediction of 
precipitation in remote areas and design of engineering structures, but the 
impact of the study will follow sometime after distribution of the published 
report • 

Other Activities and Accomplishments 

The Water Research Institute is becoming the focus for new watur-resource 
knowledge in the state. A report is being prepared that can serve as a basic 
guideline for formulating water-resource policy by State Government. The Insti- 
tute continues being the coordinator of water-resources research at the University. 

The Institute, in the person of the Director, is furnishing scientific infor- 
mation needed for formulating and demonstrating to the public the need for a 
West Virginia water-rights law. During FY 1969, the Director attended meetings 
of the Legislative Committee that was considering a law. 

An attltudlnal problem exists not only on the University Campus, but, also, 
nationally. This la the attitude toward PL 88-379 funding as Just another grant 
or contract and not as support of an institutional system of water-research 
institutes in the same way aa the agricultural experiment stations are. On 
campus, the problem is being met by continually emphasising to the University 
administration that the allotment program is a perpetual institution and should 
be considered different from grants and contracts. 

The institutes of West Virginia, Ohio, and Pennsylvania continued their 
close cooperation and coordination during FY 1969. 

The statewide advisory board of the Institute held its first formal wetting 
in March 1969. 

State direct and Indirect financial auppott during FY 1969 was about 
$50,000, State agencies, especially the Water Resources Division of the Depart- 
ment of Natural Resources, furnished all requested aid, data, and reac* .*#. 



WISCONS IN 

Gerard A, Rohlich, Director 

High on the list of the Wisconsin Water Resources Center’s priorities la 
consideration of the factors causing the eutroph:.cat ion of lakes and the possi- 
bilities for improving technology, ir.it itut ions , and policies for water quality 
management. Attention is also being given to del emitting the effects on water- 
related resources, of the disposal of waste products and of the use of pesticides 
in the envlronnent • Several of these investigations will provide background 
information for the development of the state's vnter plan. The Center's progr** 
encourages interdisciplinary participation on rerearch In priority areas at 
public institutions throughout the state. 

The Center is now sponsoring several projects dealing with eutrophication. 
Support for the program comes from a number of federal and state agencies, 
especially the Federal Water Pollution Control Administration and the Office 
of Water Resources Research (8*020, 8-022, A-014, A-017 and A-020). tophasis 
is upon understanding the process and developing rt idlsl measures within a 
multi-disciplinary f casework* Projects have been swarded to investigators at 
a ni*ber of different universities within the state. 




188 



Another major research effort is focused upon the technical and institutional 
aspects of water quality management. Using the Wisconsin River Basin as a case 
study area* an interdisciplinary team of engineers, economists, political 
scientists, lawyers , and planners have initiated a program of studies aimed at: 
a) understanding the cechnical opportunities for managing water quality in an 
economical fashion within the region, and b) defining the legal, administrative, 
and fiscal arrrngements required to realize such economies (01228). 

The Center's program encourages interdisciplinary participation on research 
in priority areas at public institutions throughout the state. 

Implicit in the Center's research activities is the responsibility to 
supply information on research findings. The Water Resources i'cientific Inf or* 
mat ion Center has designated the University and the Water Resources Center as a 
Center of Competence in Eutrophication Information. On the ret cromendat ion of 
the Joint Government-Industry Task Force on Eutrophication, these services have 
been substantially enlarged. Additional emphasis is placed on providing water 
resources reference literature on a statewide b^sis. 

Some of the early projects supported by the Water Resources Research Act 
served as a basis for two of the major research programs underway In Wisconsin. 

As a result of the early invest igations (A-OOi-WIS, A-002-WI3, A-003-WIS, A-004- 
WIS and A-Oll-WIS), the broad scale eutrophication research and information 
program now underway was developed. Similarly, the preliminary studies supported 
on river basin planning (A-009-WIS) have evolved into a broad interdisciplinary 
effort with close liaison with industry, state agencies, and communities within 
the Wisconsin River Basin which covers one-third of the state. 

As an outgrowth of two allotment projects for studies (A-Oli and A-019) on 
Lake Butte des Korts, the faculty at the Wisconsin State University at Oshkosh 
have formed a multi-disciplinary group to study lake environments and the 
university has created a Limnology Laboratory to facilitate the effort. Con- 
currently, the project (A-023-WIS), gianted last year at Wisconsin State Univer- 
sity-Superior, encourages similar action by the university when it established 
the Center for Lake Superior Environmental Studies to support lnterdlsclpllnsry 
efforts there* Superior's research program hag been strengthened through 
Acquisition of a used, 40-foot launch from excess government property which was 
possible because of the University's activity under the Water Resources Research 
Act. 

The state's flood plain and shoreland management and protection program has 
been assisted significantly by the efforts of investigators on project B-022- 
WI$» This in turn led to s contract between the Water Resources Council and 
members of the project to prepare s report on the legal aspects of flood plain 
regulation. One member of the initial study has become chief of water resources 
planning section of the State Department of Natural Resources. 

Professor Gerard A. Rohlich, Director of the Center, vat elected Secretary 
of the Natural Resources Board for the state and was appointed to the Environ- 
mental Health Sciences Advisory Cootittee of tne National Institute of Health. 
Also, the director has continued as a member of the Board of Directors of the 
University Council on Water Resources and as Director of the Institute for 
Environmental Studies at the University of Wisconsin. 

Among his other activities, Professor Irving K. Foa, Associate Director, 
was s member of the United Nations Panel in Vienna, Austria on international 
water resources development and is s continuing member of the Research Advisory 
Council of the Wisconsin Department of Natural Resources. He was recently 
elected Chairman of the Department of Urban and Regional Planning it the 
University of Wisconsin. Professor Fox is s consultant to the National Water 
Comission and was a member of the Board of Consultants of the San Francisco 
Bay-Delta Water Quality Control Program Study of the State of California. 
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During the pest year, the water resources research activity ties between 
the state water agencies and the university community have been strengthened 
under the Joint Agency-Water Resources Research and Data Collection Program* 



WYOMING 



Paul A* Rechard, Director 

The Wyoming Water Resources Research Institute was established at the Univer- 
sity of Wyoming in the Fall of 1964 for the purposes of coordinating water 
resources activities within the University and accomplishing water resources 
research supported directly by funds allocated to the Institute# 

Administratively the Institute la s division of the Wyoming Natural Resources 
Research Institute of the College of Engineering and it operates under policies 
established by a Water Resources Panel of the University* Members of the Panel 
are appointed from each of the seven Colleges of the University and serve as s 
head of a unit of the Institute in their respective Colleges* In addition, 
representatives of vyomlng State Agencies with major water resources Interest 
serve as Associate Members of the Panel# 

The Panel has chosen to utilise the funds available under the Annual Allot- 
ment for an interdisciplinary project entitled "Water Resource Operations Study* 11 
The purpose of the research is to learn more about the relationships among the 
many kinds and aspects of water resource operations* Because there aro so many 
ramifications to each a study, the Institute had, as initial objectives, studies 
to flndt 

(a) The criteria that might best apply to water resource planning in Wyoming# 
That is, how might the State of Wyoming best measure the values of various alter- 
native uses (or non-uses) of water# As s study area, the initial investigation 
will look at the problems of transmountain diversion from the Green River to the 
Platte River Basins in Wyoming# 

(b) Ways and means of utilising tht readings from field Instruments by more 
than one discipline# Too often it is found that an instrument is Installed for 

a single purpose whereas, if consultation and discussion with someone in another 
discipline had taken place, that same Instrument could serve many other purposes# 
The problems of operating instruments in remote locations is also being studied# 

(c) With the possibilities of weather modification becoming operational 
in a few years, the Institute chose to investigate the possible legal and 
engineering impacts of the artificial sncw-pack augmentation program# The Univer- 
sity of tyomlng, through the Natural Resources Research I p stitute of the College 
of foglneerlng, has an active research program on snow-pack augmentation under* 
wiy at the present time# The Impact of this work was the subject studied by the 
Institute and a project completion report on the legal phase was published in 

the Land and Water Law Review # Volume II, Nmber 2, pages 273*319# A reprint 
of the article, together with a supplement prepared by the author, was published 
as Water Resources Series No# II. 

(d) The Interrelationships of water quality and water utilisation will 
replace the study of the Impacts of snow-pack augmentation starting in Ft 1970# 

It is plannad to Initially study the effects that recreational use of water has 
on the water quality and, in turn, the effects of water quality on recreational 
use# 



(•) As an overview of the entire water resource operations study and util- 
ising tha data and experience of the other detailed aspects, such as items (a)* 
(d) above, principles of analysis of water resource operations will be developed# 
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The Institute has published fourteen reports In Its Water Resources Series, 
four Annual Reports, four reports dealing with State Water Planning In Wyoming, 
and one general Information report on Wyoming's weather. Three additional reports 
havo been processed through the College of Agriculture and seven Issues of the 

Land and Water Law Review of the College of Law, Eighteen advanced degree theses 
have resulted from support by the Institute. 

The Institute Is deeply committed to utilising the msjor portion of the funds 
for the support of undergraduate and graduate students at the University, To 
date, In the neighborhood of 200 students have received some measure of support 
through the Annual Allotment P^cgram of the Office of Water Resources Research. 

It la critical to the operation of the Institute that the Annual Allotment con- 
tinue to be provided, and Indeed, due to the cost of doing business spiral, the 
amount of funding should be Increased, 

The University of Wyoming also has obtained two matching grAnt projects 
under Section 101 of PL 88-379. The first matching grant resulted In a report 
entitled "The Effects of Varying Land and Water Use on Streamflow Regimen" and 
was supported In part by the City of Laramie and the University. The other study 
sntltled "The Value of the Game and Fish Resources In Relation to the Future 
Utilisation of the Water of the Green River Drainage In Wyoming" is now underway 
and la being partially supported by the Wyoming Game and Fish Commission and the 
University, 

The Unlveralty haa submitted four proposal* for funding under TJ‘ le ll pro- 
vision* of PL 88-379, However, none of these proposal* haa received support. 

The Wyoming Water Resour »s Research Institute hopes to become even more 
active in the water resource program at the University as the years go on. The 
research underway, It Is believed, le applicable to the current problems facing 
the state and nation, and a measure of coordination of effort Is being accom- 
plished. 



The demand for water’based recreation is increasing) recreation, esthetics 
and fish and wildlife values are being given more consideration in water 
resources planning. 
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OITI Cl; OH .VAflik Kl&HUkCI:.* itl:.n. VkOl 
AUAlMl;\rS A \0 1)1 SiitmH.Mb < [ i TO ST Ml; I.N’MI HITH* 
Annul 1 Allc-trmnt Program - Hi seal Year l’Jfa'J 



~rn 

State 


U) 

Aaount of 
KY UHfllf 
Annual Allotment 
Agreement 


ur 

Hi shunted to 
State ;<* ofi/ 
June 50 , hXnj 


m 

Unpaid Obligations:!' 
and Comi Incuts of 
State Institute as 
of June 50# 100*1 




$ |00, 0f>0, l)(J 


si oo, ooo. no 


s 


Alaska 


loo.ooi). no 


100,000.00 


- 


Arizona 


100,000,00 


100,000.00 


- 


Arkansas 


100,000,00 


• 


100,000, 00 


California 


100,000.00 


100,000,00 


- 


Colorado 


100,000.00 


100,000.00 


• 


Connecticut 


100,100,00 


100,000.00 


* 


Pel aware 


100,000.00 


100 , 000 . oil 


• 


M or Ida 


100,000,00 


100,000.00 


* 


ceorgia 


100,000.00 


OS, 000. Oil 


2,000,00 


Hawaii 


100,000,00 


$$,000.00 


15,000,00 


Idaho 


100,000,00 


100,000,00 




1 1 1 inoi s 


100,000,00 


100,000.00 




InJlana 


100,1)00.00 


loo.oou.oo 




Iowa 


100,000.01) 


i-:o,ooo.oo 




Kansas 


100,000.00 


100,000.00 


• 


Kentucky 


100,000.00 


100,000,00 


• 


Louisiana 


100,000.00 


100,000.00 


m 


Milne 


100,000.00 


100,000.00 


m 


Maryland 


100,000.00 


100,000.00 


m 


Massachusetts 


100,000.00 


100,000.00 


» 


Michigan 


100,000.00 


100,000.00 




Minnesota 


100,00)1.00 


100,000,00 


» 


Mississippi 


100,000.00 


100,000.00 


m 


Missouri 


100,000. 00 


100,000.00 


• 


rk>ntana 


100, 0(h), 00 


100,000,00 


m 


Nebraska 


loo, O'M. 00 


100,000.00 


% 


Nevada 


100,000,00 


100,00-1.00 


» 


Vcw Hampshire 


100,000.00 


100,000.00 


» 


New Jersey 


100,000.00 


1 00, 00(1. -K) 


* 


New *V?xico 


100, 000. 00 


100,000.00 


* 


New Vork 


100,000.00 


100,000. 00 


* 


North Carol Inr 


100,000.00 


100,000.00 


• 


North Oakota 


100,000.00 


100,000,00 


• 


Ohio 


100,000.00 


os, $of> . oo 


1,500.00 



m 




0) 

State 


Amount of 
FY 19691/ 
Annual Allotment 
Agreement 


U) 

Disbursed to 
State os ofl/ 
June 30, 1969 


Unpaid Obligations!/ 
and Commitments of 
State Institute as 
of June 30, 1969 


Oklahoma 
Oregon 
Pennsylvania 
Puerto Rico 
Rhode Island 


$100,000.00 

100,000.00 

100,000.00 

100,000.00 

100,000.00 


5100,000.00 

100,000.00 

100,000.00 

100,000.00 

100,000.00 


5 - 

I&t 


South Carolina 

South Dakota 

Tennessee 

Texas 

Utah 


100,000,00 

100,000,00 

;oo,ooo.oo 

100,000.00 

100,000.00 


100,000.00 

100,000.00 

100,000.00 

100,000.00 

100,000.00 


% 


Vermont 

Virginia 

Washington 

West Virginia 

Wisconsin 

Wyoming 


100,000.00 

100,000.00 

100,000.00 

100,000,00 

100,000,00 

100,000,00 


100,000,00 

100,000.00 

100,000.00 

100,000.00 

100,000.00 

100,000.00 




TOTAL 


55,100,000.00 


$4, 951, 500. 00^ 


5 ws.sool' 



U In all cases, approved State institute programs and related 
~ budgets were equal to the FY 1969 Annual Allotment, 

2f Column (3) shows the actual cash paid out by the U.S, Treasury 
“ as of June 30, 1969, to tne State institutes in response to 

approved requests for payment. To minimi te cnd»of*quartcr cash 
balances, advances of funds to grantees aro in amounts estimated 
by the State institutes to be required to liquidate due and 
payable obligations in the ensuing quarter. 

3/ Column (4) reflects the amount not disbursed to the State institutes 
~ as of June 30, 1969, against the $100,000 allotment, but subsequently 
needed by the institutes to meet liabilities and anticipated 
maturing obligations incurred for the Fiscal Year 1969 annual allot* 
ment program. (See 4/ below.) 

4/ Of the total annual allotment funds available In Fiscal Year 1969, 

“ total disbursements or payments to the State institutes by 

September 30, 1969 had increased to a total of $$,098,500.00 (99.971 
of obligational authority) leaving $l,$0i.00 remaining to be paid 
out. 



APPENDIX 6 



OFFICE OF KATER RESOURCES RESEARCH 
GRANTS AND DISBURSEMENTS TC STATE INST ITUTES 



Matching Grant Program - Fiscal Year 1969 



State 


Amount of Grant(s)i/ 


Amount Disbursed 
to Institutes in 
Fiscal Year 1969. 


Alabama 


J177, S88 


$llO,o!J.OO 


Arizona 


82,950 


22,500.00 


Arkansas 


21 ,692 


. 


California 


72,9SS 


30,878,00 


Colorado 


237,470 


122,374,00 


Delaware 


2S.600 


9,037.00 


Georgia 


79,464 


14,600.00 


Hawaii 


42,650 


29,775.00 


Idaho 


23,973 


7,353.00 


Illinois 


216,51b 


82,307.50 


Indiana 


58,147 


13,205.00 


Iowa 


9,000 


4,700.00 


Kansas 


14,163 


2,530,00 


Kentucky 


48,082 


23,774.88 


Maryland 


76.CS7 


25,257.00 


Massachusetts 


231,430 


85,425.00 


Minnesota 


115,43b 


26.799.00 


Missouri 


12,026 


4,978.00 


Montana 


125,950 


32.56S.OO 


Nevada 


83,600 


49,000.00 


New dorsey 


17,540 


17,340.00 


New Mexico 


67,596 


67 ,596.00 


New York 


64,820 


20,009.00 


; 'or th Carolina 


291,238 


68,151.00 


Ohio 


30,000 


21,400.00 


Oklahoma 


64,490 


26,000.00 


Oregon 


116,712 


51 ,025.00 


Pennsylvania 


29,016 


13,745.00 


Rhode Island 


22,450 


1$, 780,01 


South Carolina 


36,675 


11,263.3? 


South Oakota 


61,800 


s, ooo. oo 


Tennessee 


14,29? 


8 , 2 1 S . 00 


Texas 


110,113 


3S,6S4 .00 


Utah 


119, 5S0 


4$, 940.00 


Washington 


36,750 


3,000.00 


Wisconsin 


157,502 


47.42S.OO 


TOTAL 


$ 3 , 000,000 


51,157,461.93 If 
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1/ Tliis column shows Federal support only; non-Fcdoral matching 
* funds arc not included. 

2/ This column reflects the total cash paid out by the U.S, 

Treasury as to June 30, 1069, to State institutes in response 
to approved requests for payment. In accordance with 
Treasury Department general policy, advances of money to 
grantees are the amounts estimated to ho required to liquidate 
obligations in the ensuing quarter in accordance with the 
approved program, 

The time period during which a matching grant agreement is 
effective extends over the entire time during which project 
activity is scheduled, usually more than one fiscal year, 
Thus, the beginning and ending dates specified in a matching 
grant agreement do not necessarily coincide with the beginning 
(July 1) or ending (June 30) dates of a fiscal year, 

3/ As of September 30, 1969 tot.l disbursements of 31,389,477,10 
~ had been made to State institutes for matching grants approved 
in fiscal year 1969. 
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APPENDIX C 



OFFICE OF WATER RESOURCES RESEARCH 
CONTRACT AND GRANT AWARDS AND DISBURSEMENTS 
T itle II Program - Fiscal Year 1969 



Project 


Organisation 


Amount of 


Disbursements 


Number 


Agreement 


in Pi 1969 


C-1032 


Kansas State University 


$ 31,6 94 


$ 15,523.13 


C-1196 


Cornell University 


29,950 


- 


C-1282 


Univ* * of Kentucky Res. Foundation 


44,489 


- 


C- 1290 


ilydronautics, Inc, 


61,000 


50,476,10 


C- 1314 


Antioch College 


31,548 


10,459.81 


C-131S 


Union College 


11,732 


9,000.00 


C- 1 321 


Stanford University 


39,716 


- 


C-1323 


Georgia Institute of Technology 


78,400 


43,300.00 


C-1337 


University of Nevada 


55,000 


43,150.00 


01339 


General Electric Company - TEMPO 


67,400 


31,272.40 


C- 1 357 


George Washington University 


48,697 


9,315.26 


01361 


New Mexico State University 


46,680 


35,045.75 


C- 1 370 


Booz, Allen and Hamilton, Inc. 


71,700 


25,176.00 


01377 


Texas Water Development Board 


100,000 


80,051.23 


C- I 388 


Temple University 


7,777 


- 


01396 


liittman Associates, Inc. 


128,819 


105,721.26 


01401 


University of Maryland 


75,000 


- 


01410 


Environmental Dynamics, Inc. 


88,934 


25,000.00 


01414 


Surveys and Research Corporation 


47,235 


35,555.52 


01415 


Arthur D. Little, Inc. 


228,906 


65,867.42 


0 1428 


Virginia Institute of Marine Science 


15,225 


- 


01443 


Montana State University 


31,893 


6,395.00 


C-1469 


Abt Associates, Inc. 


95,137 


80,866.45 


01477 


Water Resources Engineers, Inc. 


75,800 


17,580.00 


C-1484 


Rensselaer Polytechnic Institute 


40,000 


34,000.00 


01495 


Massachusetts Institute of Technology 28,000 


21,000.00 


01496 


Engineering-Science, Inc. 


75,000 


38,542.71 


C- 1511 


Cyrus Wm. Rice and Company j 


76,648 


65,194.19 


01397 


liittman Associates, Inc. 


84,362 


56,850.41 


01536 


American Society of Civil Engineers 


84,400 


- 


01537 


Texas Tech/Uigh Plains 


98,578 


41,500.00 




TOTAL $1*999,720 


$946,842.64 1/ 



1/ As of September 30, 1901) total disbursements of $ 1,358,045.23 bad been 

* made to Title II grantees am) contractors for awards approved in 
fiscal year 1969 . 
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APPENDIX I) 



OFFICE or WATER RESOURCES RESEARCH (OiVRR) 

WATER RESOURCES SCIENTIFIC INFORMATION CENTER (WRSIC) 
Fiscal Year 1969 Expenses by Object Classification 



Personnel Compensation and Benefits 


$104,188 


Travel and Transportation 


2,451 


Rent, Communications, and Utilities 


424 


Printing and Reproduction 


15,383 


Other Services, Including Contracts!/ 


264,694 


Supplies and Materials 


722 


Equipment 


2,292 


Grants!/ 


96,958 


TOTAL 


$487,112 



Note: Expenses of OWRR's Water Resources Scientific Information 

Center include costs of systems development, water resources 
research catalog preparation, augmenting the information 
base of water resources abstracts relating to significant 
water resources published and unpublished documents, making 
document announcement services available to the water 
resources community, and related technical information center 
activities* 

If Includes contracts, grants, or fund advances to organizations 
providing information base input, 5 .1 format ion base processing 
and output, and system study services to WRSIC. 
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WPUNDIX H 

OFFICF OF iV'ATCR RLSOURCES RKSEARCfl (O.VRR) 

Fiscal Year 1969 - Program Administration iixnenscs 
3 y Object Classification ~ 



Personnel Compensation and Benefits $476,786 
Travel and Transportation 12>581 
Rent, Communications, and Utilities 15,164 
Printing and Reproduction 9,553 
Other Services, Including Contracts*/ 44,536 
Supplies and Materials 4,553 
equipment 3,963 

TOTAL $560,921 



Note: Expenses of the Office of hater Resources Research include 

costs of developing the program and establishing program 
priorities; reviewing, analyzing and selecting research 
project proposals for support; coordinating research 
activities; preparing state-of-the-art studies; advising 
research centers relative to research needs; monitoring pro- 
gress and accompl ishments under approved research grants and 
contracts; as well as for administrative and housekeeping 
functions. 

1/ Includes contracts to obtain advisory assistance to program 
“ management and for support of organizations providing house- 
keeping and related services to OWRk. 
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2/ All funds available have been disbursed 



APPENDIX G 



OFFICE OF WATER RESOURCES RESEARCH 
DISPOSITION OF MONEYS DURING CALENDAR YEAR 1969 



Notes "Disposition of moneys during calendar year 1969" for purposes 
of this appendixp means firm fund obligations made by OWRR in 
the form of State research program annual allotment agreements, 
matching grant agreements, Title II grants and contracts, and 
related OWRR program operations commitments during the twelve- 
month period ending December 31 , 1969* 



Budget Activity 


Disposition 
During Jan* - 
June 1969 
from n 1969 
Appropriations 


Disposition 
During July - 
December 196) 
from Ti 1970 
Appropriations 


Total 

Disposition of 
Funds During 
the Calendar 
Year 1969 


Annual Alltoment 


(Section .100) 


$ 


$5,100,000 


$5,100,000 


Matching Grants 


(Section 101) 


- 


3,000,000 


3,000,000 


Title II 


(Section 200) 


81,400 


1 ,972 » 232 


2,053,632 


WRSIC 


300,737 


215,263 


516,000 


Administration 


238,508 


267,492 


506,000 


TOTAL 


$ 620,645 


$10,554,9871/ 


$11,175,632-^/ 



1/ Estimated for the months of October, November and December 1969* 
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APPENDIX H 



OFFICE OF WATER RESOURCES RESEARCH 



DISPOSITION OF TITLE I MONEYS APPROPRIATED DURING CALENDAR YEAR 1969 



Note: "Disposition of Moneys Appropriated During Calendar Year 1969" 

for purposes of this appendix means firm fund obligations made by OWRR 
In the form of State research program annual allotment and matching 
grant agreements. 



1 / 2 / 

State Annual Allotment—' Matching Grant Total Disposition 

(Section 100) (Section 101) of Funds to State 

Institutes 



Alabama 


$100,000 


$105,769 


$205,769 


Alaska 


100,000 


64,821 


164,821 


Arizona 


100,000 


50,000 


150,000 


Ar kansas 


100,000 


40,303 


140,303 


California 


100,000 


89,255 


189,255 


Colorado 


100,000 


174,760 


274,760 


Connecticut 


100,000 


- 


100,000 


Delaware 


100,000 


- 


100,000 


Florida 


100,000 


72,263 


172,263 


Georgia 


100,000 


56,552 


156,552 


Hawaii 


100,000 


45,279 


145,279 


Idaho 


100,000 


64,200 


164,200 


Illinois 


100,000 


179,719 


279,719 


Indiana 


100,000 


125,066 


225,066 


Iowa 


100,000 


44,524 


144,524 


Kansas 


100,000 


17,682 


117,682 


Kentucky 


100,000 


60,910 


160,910 


Louisiana 


100,000 


- 


100,000 


Maine 


100,000 


53,888 


153,888 


Maryland 


100,000 


71,853 


171,853 


Massachusetts 


100,000 


106,738 


206,738 


Michigan 


100,000 


59,882 


159,082 


Minnesota 


100,000 


129,563 


229,563 


Mississippi 


100,000 


41,520 


141,520 


Missouri 


100,000 


17,478 


117,478 


Montana 


100,000 


33,040 


133,040 


Nebraska 


100,000 


40,000 


140,000 


Nevada 


100,000 


93,500 


193,500 


New Hampshire 


100,000 


- 


100,000 


New Jersey 


100,000 


44,397 


144,397 



^Continued on next page) 
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State 



Annual Allotment^ Matching Grant Total Disposition 
(Section 100) (Section 101 of Funds to State 

Institutes 



New Mexico 


$100,000 


$ 80,474 


$180,474 


New York 


100,000 


48,200 


148,200 


North Carolina 


100,000 


60,124 


160,124 


North Dakota 


100,000 


- 


100,000 


Ohio 


100,000 


203,640 


303,640 


Oklahoma 


100,000 


35,476 


135,476 


Oregon 


100,000 


108,801 


208,801 


Pennsylvania 


100,000 


96,357 


196,357 


Puerto Rico 


100,000 


- 


100,000 


Rhode Island 


100,000 


21,711 


121,711 


South Carolina 


100,000 


63,921 


163,921 


South Dakota 


100,000 


36,020 


136,020 


Tennessee 


100,000 


15,425 


115,425 


Texas 


100,000 


66,330 


166,330 


Utah 


100,000 


89,213 


189,213 


Vermont 


100,000 


. 


100,000 


Virginia 


100,000 


66,287 


166,287 


Washington 


100,000 


6,775 


106,775 


West Virginia 


100,000 


- 


100,000 


Wisconsin 


100,000 


94,464 


194,464 


Wyoming 


100,000 


23,820 


123,820 


TOTAL 


$5,100,000 


$3,000,000 


$8,100,000 



1 J Annual Allotments to State institutes in calendar year 1969 were 
made from Fiscal Year 1970 appropriations. 

2 J Matching Grants to State institutes in calendar year 1969 were 
made from Fiscal Year 1970 appropriations. 
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APPENDIX I 



OFFICE OF WATER RESOURCES RESEARCH (OWRR) 

WATER RESOURCES SCIENTIFIC INFORMATION CENTER (WRSIC) 
Calendar Year 1969 * Expanses by Object Classification !/ 



Personnel Compensation and Benefits 


$119,000 


Travel and Transportation 


7,000 


Rent* Communications* and Utilities 


2,000 


Printing and Reproduction 


21,000 


Other Services* Including Contracts! / 


270,000 


Supplies and Materials 


2,000 


Equipment 


5,000 


Grants!/ 


eo.ooo 


TOTAil/ 


$506,000 



Notes Expenses of OWRR’s Water Resources Scientific Information 
Center include costs of systems development* water resources 
research catalog preparation* augmenting the information base of 
water resources abstracts relating to significant water resources 
published and unpublished documents* making document announce- 
ment services available to the water resources community* and 
related technical information center activities* 

JL / Expenses reported cover the period January 1, 1969* through 
December 31* 1969* (Expenses for the months of October* 
November* and December are estimated ») Because this is a 
calendar year statement and includes parts of funds appro* 
priated for fiscal years 1969 and 1970* estimated expenses 
differ from either of the/ individual year appropriations for 
the WRSIC activity* 

2/ Includes contracts (or grants) to organisations providing 
Information base input* information base processing and out* 
put* and system study services to WRSIC* 
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APPENDIX J 



OFFICE OF WATER RESOURCES RESEARCH (OWRR) 
PROGRAM ADMINISTRATION 

Calendar Year 1969 - Expenses by Object Classlf icatlotd 



Personnel Compensation and Benefits 


$528,000 


Travel and Transportation 


14,000 


Rent, Communications, and Utilities 


20,000 


Printing and Reproduction 


14,000 


Other Services, Including Contracted 


23,000 


Supplies and Materials 


7,000 


Equipment 


7,000 


Grants d 


10.000 


TOTAL y 


$623,000 



Notes Expenses of the Office of Water Resources Research 
Include coats of developing the program and establishing pro- 
gram priorities; reviewing, analysing! and selecting research 
project proposals for support; coordinating research activities; 
preparing state-of-the-art studies; advising research centers 
relative to research needs; monitoring progress and accomplish- 
ments under approved research grants a ml contracts; as veil as 
for administrative and housekeeping functions » 

1/ Expenses reported cover the period January 1, 1969, through 
December 31, 1969 • (Expenses for the months of October, 
November, and December are estimated ») Because this la a 
calendar year statement and includes parts of funds appro- 
priated for fiscal years 1969 and 1970, estimated expenses 
differ from either of the individual year appropriations for 
program administration. 

2/ Includes contracts, grants, or fund advances to obtain 

advisory assistance to program management; for preparation 
of critical reviews by expert consultants; and for support 
of organisations providing housekeeping and related services 
to OWRR, 
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Indicates water resources research categories as developed and defined by the Federal Council for Science and 
Technology (FCST), Committee on Water Resources Research* These categories and subcategories are set forth in 
a separate appendix to this report. 
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A-037 5G x Effects of oxygen demand on surface reaeration rates. Phase H - Holley 

A-03S 5B x Microbial modifications of ground water - Wolfe 

A-039 5G x Growth regulators and mineral nutrition in aquatic plant control - Presley 

A-040 5C xx Assimilation of a waste treatment plant effluent by a creek-river-mainstream 

impoundment system - Larimore 
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INDIANA 

A-001 2A x x x x x Estimation of runoff from small watersheds in Indiana - Delleur 

A~002 6A xxx Statistical analysis of groundwater use and replenishment - Johnson 

A-003 2E x x x x x The hydraulics and geomorphology of meandering rivers with flood plains - Toebes 
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Capillary-diffusion and self -diffusion of liquid water in unsaturated soil 
Phillips 
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A-003 3F x x x x Engineering phases of land treatment related to increasing water use efficiency 
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APPENDIX M 



Water Resources Research Categories 



(Reprinted froct Appendix A, pages 78-82, of M A Ten-Year 
Prog ran of Federal Water Resources Research, M a report 
of the Federal Council for Science and Technology Coca- 
nittee on Water Resources Research, February 1966.) 



I. NATVMOpWATia 

Category 1 deals with fundamental research oe the water substance. 

A. fraprrfwt 0 / rater— Study of the physical and chemical prop- 
erties of pure water and its thermodynamic behavior In its various 
states* 

B. d fur car polmtwu exd jarprajfeji*— ! Study of the effects of vari- 
ous solutes on the properties of water; surface interactions; col- 
loidal suspensions. 

II. Warn Crete 

Category II coven (tneratty research on the natural pro ce e ds in- 

vcMrg water. It b an essential supporting effort so applied prob- 
lems b later categories. 

A. Cram 1— Studies in voter* two or more phases of the water 
cycle such as hydrologic models; rairdafl*runoff relations; surface 
and groundwater relationships; watershed studies, etc. 

B. Fjrrripdarisft— Investigation of spatial and temporal variations 
of predpiution; p h ysiographic effects; time trends; extrema; 
probable maximum precipitation; structure of storms, etc. 

C. Snow, i tt, tad frsif— Studies of the occurrence and thermody- 
namic* of water b the solid state in nature; spatial variations of 
snow sad frost; formation of ke and frost; breakup of river and 
lake fee ; glaciers permafrost, esc. 

D. £*#p*f*&* and ffiargirafka— Investigation of the procas of 
evaporation from lakes, soil, and snow and of the transpiration 
process b plants; methods of estimatir* actual evapotraftspira- 

UOO § WcfjJf MllnCf | nt 

t ^ffeam/Cosr— Mechanics of ftnr te streams; Bond routing; bank 
storage; space and time variations (includes high and Vw-ffcw 
frequency) ; droughts ; Book, etc. 

F. Crwftdcutrr— Study of the mechanics of groundwater move- 
ments; w ul ti ph pse tyvtems; sources of natural recharge; me- 
chanics of Bow to weTb and drabs; subsidence; properties of 
aqwfefl;tte. 

O. Witt ft udr-ttdkrttbv, m o vemen t and storage of water bi the 
sons of aeration, btbdrg sod. 

M. teles— Hydrologic, h yaro th en tita l, and thermal regimes of lakes; 
water bti Buctuitvons; cunenti and waves. 

in 



o 

ERIC 



I. Water and plants — Role of plants in hydrologic cycle; water re- 
quirements of plants; interception. 

J. Erosion and sedimentation — Studies of the erosion process; pre- 
diction of sediment yield; sedimentation in laVes and reservoirs; 
stream erosion ; sediment transport, etc. 

K. Chemical processes- Chemical interactions between water and 
its natural environment; chemistry of precipitation. 

L. Estuarine problems — Special problems of the cjtuarine environ- 
ment; effect of tides on flow and stage; deposition of sediments; 
sea water intrusion in estuaries. 

III. Water Supply Augmentation and Conservation 

As water use increases we must pay increasing attention to methods 
for augmenting and conserving available supplies. Research in Cate- 
gory III is largely applied research devoted to this problem area. 

A. Saline water conversion — Research and development related to 
methods of debiting sea water and brackish water. 

B. Water yield improvement — Increasing streamRow or improving 
its distribution through lar.d management; water harvesting from 
impervious areas; phreatophyte control; reservoir evaporation 
suppression. 

C. Use of water of impaired quality— Research on methods of agri- 
cultural use of water of high salinity; use of poor quality water 
in industry crop tolerance to salinity. 

D. Conservation in domestic use — Methods for reducing domestic 
water needs without impairment of service. 

E. Conservation in industry — Reduction »n both consumption and 
diversion requirements for industry. 

F. Conservation in agriculture — More efficient irrigation practices. 
Chemical control of evaporation and transpiration; lower water 
use plants, etc, 

IV. Water Quantity Management and Control 

Category IV includes research directed to the management of water, 
exclusive of conservation, and the effects of related activities on water. 

A. Control of water on the land — Effects of land management on 
runoff ; land drainage; potholes; etc. 

B. Groundwater management — Artificial recharge; conjunctive op- 
eration; relation to irrigation. 

C. Effects of man's related activities on water — Impact of urbaniza- 
tion, highways, logging, etc., on water yields and flow rates. 

D. Watershed protection — Methods of controlling erosion to reduce 
sediment load of streams and conserve soil. 

V. Water Quality Management and Protection 

An increasing population increases the waste* and other pollutants 
entering our water supplies. Category V deals with methods of Iden- 
tifying, describing and controlling this pollution. 
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A. Identification of pollutant t — Technique* of identification of 
physical, chemical and biologic pollutants; rational measures of 
character and strength of wastes, 

B. * Sources and fati of pollution — Determination of the sources of 

pollutants ir water; the nature of the pollution from various 
sources; path of polluont from source to stream or groundwater. 

C. Effects of pollution — Definition of the effect of pollutants, singly 
and in combination, on man, aquatic life, agriculture and in- 
dustry under cond’rions of sustained use; eutrophication. 

D. i. ^ta treatment processes— Research to improve conventional 
treatment method* to gain efficiency or reduce cost; processes 
to treat new types of waste; advanced treatment methods for 
more complete removal of pollutants including purification for 
direct reuse. 

E. Ultimate disposal of wastes — Disposal of residual material re- 
moved from water and sewage during the treatment process; dis- 
posal of waste brines. 

F. Water treatment — Dw . <opment of more efficient and economical 
methods of making water suitable for domestic or industrial use. 

G. Water quality control — Research on methods to control stream 
arid reservoir water quality such as flow augmentation; stream 
and reservoir aeration; control of natural pollution; control of 
pollution from pesticides arid agricultural chemicals; control of 
acid mine drainage ; etc. 

VI. Water Resources Planning 

The problems of achieving an optimal plan of water development are 
becoming increasingly complex. Category VI coven research de- 
voted to determining the best way to plan, the appropriate criteria 
for planning and the nature of the economic legal and institutional 
aspects of the planning process, 

A. Techniques of pi arming — Application of systems analysis to proj- 
ect planning; treatment of uncertainty; probability studies. 

B. Evaluation process — Development of methods, concepts and cri- 
teria for evaluating project benefits; discount rate; project life; 
methods for economic, social and technological projections; re- 
liability of projections; research on the value of water in various 
uses. 

C. Cost allocation, cost sharing, pricing / repayment— Research on 
methods of calculating repayment and establishing prices for 
vendible products; techniques of cost allocation; cost sharing, 
pricing and repayment policy. 

D. Water demand — Research on the water quantity and quality re- 
quirements of various uses, both diversion and consumption. 

E. Water law and institutions — A study of state and Federal water 
law looking to changes and additions which will encourage greater 
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efficiency in use; investigation of institutional structures and con* 
strainu which influence decisions on water at all levels of gov- 
ernment 

F. Nonstructural altert, stives — Exploration of methods to achieve 
water development aims by nonstructural methods such as flood 
plain ronlng. 

G. Ecologic impact of water develop me nf— effects of water manage- 
ment operations on overall ecology of the area. Excludes effect 
of pollution under V-C. 

VII. Resources Data 

Planing and management of our water resources require information. 
Category VII includes research oriented to data needs and the most 
efficient methods of meeting these needs. 

A. Network design — Studies of data requirements and of the most 
effective methods of collecting *he data. 

B. Data acquisition — Research on new and improved instruments 
and techniques for collection of water resources data; telemeter- 
ing equipment 

C. Evaluation, processing and publication — Studies of effective 
methods of processing data, form and nature of published data; 
maps of data. 

VIII. Enoineerino Works 

To implement water development plans requires engineering works. 
Category VIII describes research on design, materials and construc- 
tion which is generally useful to all aspects of water management 
Works relevant to a single specific goal, such as water treatment or 
desalination, are included elsewhere if an appropriate category exists. 

A. Design — Research leading to improved design of dams, canals, 
pipelines, locks, fishways and other works required for water 
resource development 

B. Materials — Research to improve existing structural materials and 
to develop new materials; subsurface exploration of foundations; 
corrosion; etc. 

C. Construction and operation — Research on efficient construction 
methods, operating systems, and maintenance procedures. 

IX. Manpower, Grants and Facilities 

Trained manpower is an essentia] ingredient of research on water 
resources and the planning and design of wafer development projects. 
Category IX describes plans for support of education and training. 
It also includes grant and contract programs for which advance 
distribution to specific categories is impossible. 

A. Education — extramural — Support of education in water resources 
at universities (not including research support under other 
categories). 

B. Education— in-house — Government employee training programs, 

C. Research facQilUt— Laboratories, field stations, etc. 

t). Grants, contract i and research act allotments — Allotments to 
UnKenity Water Resources Research Institutes under P.L. BS- 
379; OWR R, HEW, N$T, CSRS, and other grants which tin- 
nos n ammm wa wj casegonet m ktvbul 
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Under the Sec. ICO An HUAI Allotment Program, projects are funoed fr on corrcnt year funds on a year-to-year basis: 
Therefore, ir columns (2) through (s) or this summary, a project is counted once in the "No*" subcolumn for each 

FISCAL YEAR THAT IT WAS FUNDED. HOWEVER, COLUMN (6) SHOWS TMR TOTAL NUMBER OF SEPARATE PROJECTS PURGED DURING 
THE FISCAL YEAR 1965 - 1970 PERIOD REGARDLESS OF THE NUMBER OF YEARS SUCK PROJECTS MAY HAVE RECEIVED OURR FUND 
SUPPORT* 



OFFICE OF WATER RESOURCES RESEARCH 
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APPENDIX Q 

PUBLICATIONS AND THESES RELATING TO WATER 
RESOURCES RESEARCH PROGRAM ACTIVITIES 
SUPPORTED WHOLLY OR IN PART BY P.L. 88-379 FUNDS “ 



1/ Title I publications and theses are listed by States and* when 
pertinent, specific projects on which they are based, are listed, 
by numbers, In parentheses. Publications based on Title II re- 
search projects are listed by number. Water-related publications 
by OWRR are listed also. Readers Interested In obtaining coplea 
of, or additional Information sbout, publications produced by the 
respective State Water Resources Research Institutes are advised 
to write directly to the Instituted. (See Appendix S for addresses.) 
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AjM 1 ei t torn 

Cj I cm, E. J., E. I. Kereer , and T ■ W. Merritt 
D6b. Nanncudaa (n Alabui vitae resources. Highlight! of Agri- 
cultural Kmirth. Auburn University Agricultural f*pirlMnt 
Station. (A-0O4-ALA) 

Chun, D. T., and J. C. Hendrick 

1968. Ua lng a cant penetrometer to predict soil der.ilty and hydrau- 
lic conductivity. Taper H39 presented at the Seventh national 
Fall Heating of the American Geophysical Union at San feen- 
ctxco, California. (A - 00 5 -AiA) 

Dintue, 1. H., J . F. Judkins, L. J. Mirth, and J. C. farrow 

1969. Carwu Irradiation aa a treitment proceaa for tactile veate. 
Auer lean Chemical Society. In praai. (A-012-ALA) 

Dtnlui, Robert H., and J. V. Woolfolk 

1969. Tltrlmetric dstcmtnjtlon of dlaaolvtd o»>gen. Hiccocheatcal 
Journal 1* (1). (1-001-ALA) 

Dual , J. I, 

1969. Topol acton fluctuation! in a heron mating colony. Alabama 
Journal of Science. In press. (A-01Q-ALA) 

Due 1 . J . t ■ and R . T. Dull 

1968. (a) Ecological factor* contributing to mating f.llure in a 

heron colony. Wilson Bulletin. Volume 80, boater A, 
page* 458-466. (A-Q10-ALA) 

(b) Evidence for the breading of tha vood itork In Alabama, 
1968. Alabama Rlrdllfe. Voluna 16, Humber 23, pagaa 
14-16. (A-O10-ALA) 

Kendrick , J . C . 

1968. X-Y plotter atraln-gaga input coupler, Agricultural Engineer- 
ing Volume 49, Number 10, page* 608-609. (A-OOS-ALA) 

1969. Recording penetrometer . Journal of Agricultural Englnaerlng 
Research. In preaa. (A -005 -ALA) 

Hung . C. W. and I. If. Dlnlua 

1969. Dlffualvlty M oxygen In aqueous alectrolyta aolulton. Ameri- 
can Chi wl c ..I Society. In preaa. 

Koon, J. L, J. f!. Kendrick and R. E. Hermaneon 

1968. Sow* effect* of aoll surface cover on Infiltration. Taper KM 
presented at the Seventh National Tall Meeting of the American 
f e^phya It i 1 Union at San Francisco, California. (A-OOS-ALA) 

Lrvrence, J. M. 

1969. Comparative concentration* of (elected macro and micro nutri- 

ents In water, suspended matter, hydroaol, plant a, and flab 
fr nw raaarvolra on Chattahoochee river. Proceeding* of the 
r.vrth Annual American Water R*aourcaa Conference. Tagca 
>8*378 . /d-010'AU) 

Leigh, Gerald * , 

1969. Degradation of eeUtteJ chlorinated hydrocarbon ltveee tic idea . 
Journal Water Pollution Control federation. In pret*. 

(A-C02-A1 A) 

Merritt, f. W. and E. J. Cairn 

1969. Ecology of nematodes la a email friih-vater pond. Abitxact. 

Journal of Alabama Academy of Science. In pciei. (A -004 -ALA) 

Scarbrough, W. Leon, TKn:a J. Joiner, and James C. War man 
1 < 9 . Electrical rcetatlvitf aurvay In the PI edmont Area, Alabama. 
Ceolcglcel Survey of Alabina Circular 37. JO pa gee, 



PuM icatlona 
Rervs-'n, Carl J. 

1969. Stratigraphic atudlta In thu imv at JyrJ Station, 

Antarctica, compared ultH alufar studies In Greenland. 

C 1 at Cologlca l vo 1 ante uf the SCU Antarctica R, March Serlea. 

In preaa. (A-DU-ALAS) 

1969. Compu rat Iva snuv atudlea on the Antarctica and Crrenland 
Ice ehccta, Proceeding! of International lympoa lum on 
Antarctic Cltclologlcal Eaplorallon. la preaa. (A'012-ALAS) 

Sutton, Don K. 

1969. Thiamin* United atiady atate grovth of the ycaat 

Crypt ococcue a Ibidug ■ Journal of General Microbiology. 

In preaa. (A-007- ALAS) 

Crube, Gareth A. And g. Sage Murphy 

1969. Oxidation ditch operation In Alaska. Water and Savage 
Works, July 1969. (A-OU-ALAS) 

Hurphy, R, Saga 

1969. Practical application of foam fractionation treetjnent of 

low quality water. Research Repoet Mo. IUR-9. Institute of 
Water Rcaourcaa, I’nlvaralty of Alaaka. II pagaa. (A-024-ALA3) 

Reed, Shervood C. and R. Sage Hirphy 

1969. Lev temperature activated sludge eettllng, Journal of tha 
Sanitary Engineering Divlelon, ASOE, Volume 93, Humber SAA, 

P*«e a 747-’67. (A-014-ALAS) 



Theajj 

Hiller, Ann P. 

1969. The mtccoblal decomposition of cellulose. X.S. theela. 
I'nlveralty of Alaaka. 4) pages. (A-OM-ALAS) 



ARIEOHA 



Publ icatlone 

Ducks tcin, L., and C. C. Tie lei 

1968. General ayatena approach to groundwater proMena . 

Proceed Inga, National Symposium on the Analysis of 
Water -Resource Syauma (Denver, Coloci do, July 1961). 

Pages 100-113. (A-OIO-AMl) 

fedflsld, (Urland, and Covitland Smith 

I960. Water and culture: new decision rule* for uld Institutions. 

Rocky Mountain Social Science Journal, Volume V, Number 2. 
Pages 23-32. (1-003-AJt tZ> 

Sarlahoed, A., and C. C. Kialel 

1968. Syr. the* la of saqucacce of aurrvr thunder a torm volumes 
for the A tterbury Wa tec ahed, Arisons. Proceedings, 

Internet tomal Symposium or. tha Vat of Analog end Digital 
Computers in Hydrology. Volume 11, International 
Aa-oclatL>n of Scientific Hydrology Publ teat loo Numbs t II 
(Tucson, Ariione, tSeccmber 1968). Pages 4)9-447. 

(A- 010-AMZ) 

Sumner, J. I., and Vest, R. E. 

1969. Tha University of Arlrona'a a tat a vide gravity survey. 
Transactions , American Geophysical Union, la press. 

(A-D08 • AMD 



Turks , Robert L. 

1068. An economic analysis of viler resources uia and use conflict! 
of selected Industry groups la Alabama with respect ta araa 
development. H, S. thesis. Auburn University, Auburn, 
A.abama. Ill pages. (I-G12-ALA) 

Davidson, C« R. , Jr . 

19 68. A study of color removal from textile dye until by chemical 
coagulation. M. g. thesis. Auburn University, Atbuf a , 
Alabama. 48 pagaa. (A-Oll-ALA) 

Rellcy, 3 ami a C. 

1919. A geologic Study of the Chat's oogi Shale In the Elkmoot 

Quidr.ngle, Alabama. N. S. thesis. University of Alabama. 

43 HE"- (1-007-ALA) 

telth, R. E. 

1969. Kmit oc Ida! activity of e cyancgenlc Chromobat ter turn specie*. 
M. 1. thesis, Auburn University, Alburn, Alabama. 80 pages. 
(A -006- ALA) 

Sondereygrt . John L. 

17*9. A photogeolnglc and structural study ef a limestone ter ran* 

vl tb emphasis an fractures affecting grouod-vstsr occurrence. 
M. S. cheats . Unlwslty of Alabama. 21 pagea. (I -007 -ALA) 

Var>g , J. V . 

1969. Modification and calibration ef 1-flume and Coshocton wheel 
sampler. K. I. theils. Auburn University, Awburc., Alabama. 

88 pages. (A -003 -ALA) 



Dissertations and Thins 

Bruner , John M. 

1769, An anal/ala of avnlclpal velar demand in the PV*t.i» 
metropolitan araa. Ph.D. dlaeertat loo. Ail t'.na Stats 
University. (A-DN-AXU) 

Eleelsln, R. 8. 

1969. Water for Veatatate, USA: The association la the politics 

of vatar resource development. ffa.D. ulssni tatioo. 

University of Arliona. 2)1 pegs*. (1-003 -AMD 

Toatar, Eennlth E. 

1969. Ha theme deal analysis of a natural recharge mound. Ft. 8. the a la. 
University of Ax i r^na . (A-011-ARIE) 

Rrapf, R. V. 

1919. The Influence of sodium chloride on hydraulic conductivity 
of some Afirona aoll*. K.l. theala. Unlvaralty of 
AXiaona. 36 pagaa. (l-003-AR ID 

Lahmin, C. I. 

1961. tell and graaa flltratloo of domestic sewage sffluaot for 
the removal of trace eleneots. PVP. die act tat tom. 

University of Arlaona. (A-011-AR1Z) 

Towers, V. R. Ill 

1969, The laf losDca of sodium chloride end gravel trsstmenta 
oa Infiltration. K.l. theala. University of Axiaoew, 

10 pagaa, (B-OG)-tflX) 
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S.irJeb«cd, A. 

196*. Jyntht (Li of icquervcii of lunnrr thunderstorm volume! 
fi>r th# At t# rbur y Uiterahad In the Tuciyn am. H.l. 
the»la. Cnlvtlllljr of Arlaona. 170 pjjti. (A-OlO-AAU) 

Spangler, 0. P. 

1969. Geophya lea l aurvay of the Walnut Gulch Watirihed, 

Cochin Count/, Arlaona. Fh.D. dl iter ta t Ion. Unlvirilty 
of Arlaona. (A'009-ARIl) 



AAXAJISAS 

Fyt>l tcatlop* 

I ic on . Edmond J. and Raj V. K Llanlb L 

1*b9. Iona aapecta of th# *|« and growth of the lengear aunilah, 

lepoml* gl|*lotU . In Arkanaaa water a. Proc . Ark. Acad. Set. 
Volume 22, P«|n 44-56. (A-007-AKK) 

Bacon, Edmond J., William H. Neill, Jr., and Raj V. Kllambl 

1967, Tamperatur# selection and haat raalatanc* of the moaqulto 
flah, CambulU afflnli . Proceedings of the Hat Annual 
conference of tha Southeeatiro Com! a a loner a . Fagai 411-416. 
(A-007-AJW) 

Elay. Bruce V. 

1969. Interim prograaa raport on a autr ophle atlon nodal of th# 
White Alvar Baa In above Beavar Raatrvolr In northvaat 
Arkaniii. ArVintia V«tar Reiourcia Reaaarch Center. Cnlvar* 
alt/ of ArVimai, T«/at lavtl 1 a , Arkansas. (B-012-ARX) 

Hoakyn, J . P., B. B. Bryan, and C. W. b»ker 

1969. Forming orlflcea In plaailc pipe. Arkansi* Para Research, 
Volume XVI 11 , No. 2. (A-002-AAK) 

Hcakyn, John F. and Bill/ I. Bryan 

1969. Subiurfaca Irrigation research In Arkansas. Arkansas Witer 
Resources Renearch Center, Publication No. 3, Uotvarally of 
Ackatvaii, Fayetteville, Arkansas, (A-OCf-AAA) 

Jaffua. H. M, , J. A. Proctor, and L. A. Halpla 

I960. Second Interim prograa* report, water reaourcea planning 
a tody ter Artanaaa and Oklahoma, Arkansas Water Resources 
Canter. University of Arkema*, Fayattcvlllt, Arkanaaa. 
(l-OOl -ARK) 

Kaycr. 1. L. 

I9b9. TV ft*ahwy**r s,l|«» of Arkanaaa. t. Introductions and ra- 
cent addition a. Proc . Ark. Acad. Scl. Volume 23. la praaa. 
(A-011-A7UC) 

Meyar, I. L., J. F. Brown, *nd R. A. Caarhaart 

1969. Cattle poisoning In northwest Arkanaaa raided to the blue- 
green «lca Mlcrocvitla acrutlnoia Kuf trig. Ftoc. Ark. Acad. 
Scl. Volume 23. tn preaa. 

Xrvton, Scott H. ar.d Raj V. RlWmM 

.-63. Tetcryiln.it Ion of aexuil maturity of white ben from ovuta 
dioc-eicra. Southweitem Naturalist, Volume 14, Number 7 ■ 

In prtai. U-0O7-AAXJ 



KulurfcaryO, Tunrjla 

1969. Iiynamic filtration during laminar flow through e rectangular 
alri. H. S. theita, University of Arkanaer, Feyattavllft. 

U* Pagaa. (I-004-AXJC) 

0w w , W. Jr. 

19«9. A continued pm- and po* t Impoundment a ut vary of th* helminth 

arvd cruitacean piraaltea of Wlrruoreru* dolomleuf (Ucepede), 
?■ P uncrulatua (kafir, #qu-) , and M. salm^He* (tacepada) 

(Prrr Iformra? of Beaver leaervolr In northwestern Arkanaaa. 

N. t. thtela, University of Arkanaaa, Fayetteville. 37 page a. 
(A -U09 -AJUC) 

califcrria 



Fubl teat lone 

Amo roc ho , Jr, 

IH 7 . (a) TV role of Inf titration U won 11 near vatar ahad 

analyala procaaaaa. Transact lonj , ASAf , Telume 10, 
lawyer J. Fag* a J96-399, AOA . <1*00 5 -CAL) 

1967. (hi The nonlinear prediction problem le the study of 

the runoff cycle. Water Resource* Research, Vulume 1, 
*»*cr 3. Facia Ml-BM. (B-005 -CaL) 

Awrocho, J., Alhln Brand* la t tar . and C^aald Morgan 

IHf. The effeete of danalty of racordlng tela gauge network* 

on the dcicr Ipt Ion of praclpltetlnn pettero*. Proceedings, 
IA5R , General Aaacmhly, lere, Kltiirland, Beptmedier - 
October 1H7. (I-00 J-CaL> 

Mrgvr. J. I. 

t9t*. Economic evaluation of wattr-Tiat Vti A dynamic faUrreglonat 
Input-output programing Boat of the Cellforete end 
veatraa auUl tietir ftcunomy. Water Raaourae* Center 
ContrlWllon Nuaber 1Z0. 123 pagaa. <1-D17-CA1> 



Devanport, 0, C. and R. K. Hagan 

1969. Antltranapiranti. 1970 HcCraw Hill Taarbook of Sclinca 
and Technology . In preaa, (8-0J4-CAL) 

Uverport, D. C., R. K. Kagen, end t . I. Martin 

1969. AnUtrAiupirtftCi rcaeacch and Its poailWa eppUeatloo In 

hydrology. Water Heaourcaa Reaaerch. In preae, (I-054-CA1-) 

Pracup, John A. end Yicov t. Halmea 

1961. 0o mltllavel optlaliatlon in ground-vetar a/atem. 

Frocaedtnga, Katlonal lye^oalum on the Analyiti of Watar 
lee our ci lyateaei American Water Heaourcaa lUMl'Hon, 

Denvar, Colorado. (A-03I-CAL) 

Dracup, John A., t. T. R*lme*. and R. L. Terrln* 

I960. Identification of dlatrlbuted unconflned e^uifer perametera. 
Proceeding a , Fourth American Viter Raaourcei Coofareoci, 

New York City. (A-OJJ-CAL) 

Flacher , R. A. 

I960. ItoiMUl opening tn laolatid epidermal atrlpa of VlcU fatal 

I. Raapona a to light end to 00,-free air. rier.t rhyelology, 

Volume 43. ragea 1947-1952. (l-029-CALl 

Flasher, B. A. end T. C. Ratio 

1960. Stomata 1 opening In laolatcd epldemml atrlpa of Ylcla |ajb&l 

II. Ra«ponaea to RC1 concentretlon end th* role of 
poteaelum ebeorptlon. Flint Fhyalology, Volume 43. 

Pagaa 1933-1950. O-029-CAL) 

Hell, W. A., A. J. Askew, end W. W-G. Yah 

1969. Uae of the critical period In racervotr analysts. Flftlach 
Annual Heating, American Ceophyalcel Union, Waahlngton, D.C. 

Water Beao'ircea Research, In praii. (1-061-CAL) 
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Papirtaant af A|Hrvltaral h|Sr»ttli|, tmiat Stall DM* 
•ftaitp, Raabattlft. fA-OOt-tAR) 






fAllUtt ant 



Alio. H. I. t. 

1MI, (i) enrratto if n#att*| yver U clointtatlf, 9. 

Pi wckarta# af prrtAtaa Ml rlliH taAvctlo bp altrlta 
ti Ove rkaeweatatrob, Ritrakattet atllL* . (wit* i. 1. 
Sevfltl IlnMalca H iTtf^MKi Aria. Vltava I TJ . 
pi t aa 117*17) (A -01 1 -AT > 

(V> Ctraratfa# »f raOerlif povat i» doifitkarli, fl, 

► •'tf‘H"*#4 rraitfav# la tKa r^aorvt etropb, pdobatillo 
Niaoltti’vt . A* tot I rn In v vAr* . ta pravti C A -01 1 • 
Ml 

I rear , fe-r# I , 4- 9. (Hull a*'! A. t. Wilt! 

IHI. SoMrOl't aintraipt# affatta l» taneaoatrp. /renal 
rf fl a<tnan»iftK*al t^otatrp. Hloe ll . War I, 
fatal 0 *1 U-flMtl 

fetter, ». f. of JrV TVallfelll 

IHI, Cal rt t < ntvTM’o if bare! itreoa t* oner# 

tt-itnrt Ll Carl *1cat Inlrtf A UaHtt TrrfraO ta# 

I HO, tart I, pa it t. (1*001411 

fbriitUi, Carp I. 

1 HI- n<H otailan ijattmrHJ A MHO iM W*HiW* 
tilrtl omi t« iW aft rave ailfa • ecetploa flave. 

Aral ft tc»l Utlld It Mt. U*l!-IT> 

1H#. enlnwtrlt ritratlo A bine la rovotratef mini 
■ ■It ntitivi ta eatar »* Manfo* aalroti. 

Aralptlral 0»t*lct Acta- t« pro#. (I*04tl 

Orlitlm, Carp I. a** f. I. SaTAHaV 

IH#. • Idfr ef It«u abavrptio Aaterftlne rto rf r*alt ta 
Ilf frrot trleota. Cvnellm ftp artnare# p . t« proa. 

ti-c itn 

*ortnf#r. We * . 

I Hp. ktkatlt rf rerraatlanal prtevrftl A foil varvnllatl* 
tttaoi rear arti« areea. Olrerattp ef t#t«Sr »tir 
t o e rt w NHtiti lytt Wat IK W p*pO- H-oif 

rn 



Ch i [«, 0. 

*»%i, LprlvHI.* uf rtiarvrll tfirallnf ratal If tcar^U 

iml^ll. CM«*r»|t? of lantatly v»t*r Miwftii 1 n* 1 1 • 
taionA lay rt *, inf. If* fun (<*<»«' 

I'l 

I **a» . i . fa *§1 j a 

IH*. (« a«!i Hi| r aii »f tliarnia llx >4 cootral laaivfii. 

Uliffatif ,-f AontacM Vilf' taieuicaa IM*ir II, 

r .a*a. u-joi-in 

iml l- l N. I. M. Al««* 

a**' i ttatulon of ^»tr In tlrwiptliaila V. IV* 

tfkKtifaa of prrldln* a«<l*ctUi falwcllti Ij altrlta 
In i*.# tVaoo^at* tf<t*. AUrdatm jjllli . 1le*l«t*it* 
«I**itiIc« iwta. »al»»* l »i. fi|M **1-*Tj. (A*CM-«T) 

Ilf Ha. l +A 

ml, AyylUHlart pf Mf|l»l a^orcAli ana l/i I a to laaarvala 
racrait l» Btilianltf ♦< tmiwl; INlir (*• 

foufd* InaKtfta fiinrtl Miff I/. M 

(A-0CM-C1) 



Irxia, Atari A. 

1HI. |«MV«iiirf and flay ainiiilrfi/ »| Lib 

fanrcHartr* la an* Lata Wtrayii, Lnalitana. P.|. tKaUi. 
t^liiin* llnta V*(vt|»Ity. II ^i|i|. (A-0O7-U) 

Caln», f. A. 

A i««fy -»l t>ia Uthftul and aunorlc fa*altll|t|> af 
«W ***»*• afflMRt for lit ||atlc« l* feattl u farlal, 
U*taUn*. p.|. «taal«. UuIim Ic-lyUital ( tnallt«ia« 
*»U«*i bmlalata. $J p*{aa. (A • X* • Lt) 

fall, Ufavi N. 

IHI. tcwoalf aartcta of %fcv*t -wiif ball co*U*l. A.*. 

*1 aaar tattoo. UlalaM It it* Mlnlalt|. ID mj«i. 
(1-901-U. l-OOJ LA, l-OOi-U) 

taltl i CKartu #.» Ir. 

Ita* CacAjrfralngf *f tSa ttallna aplfrr* tf Mot |«v|t, 
U-alilan*. N.f. fS# ala. ImlaliM Itui rtlntadf. 

I) ^n. (A'OOA-U, ICKH-U) 



A. »•" 

I Hi. Inl^alM) of ala tafO iaailtaMm »f AI*if*J*o, IfoM* 
fat. aUttfa aM AfitrltatlM al wataf 1* fantadf, 
TPlrafilti if tnt»ii| Vitar ItiMtcti taf'frt Mar ll. 
||l|i|M. fA-Glt-tfl 

rvalllttl. J*M. h. ». Oialoll an* I. ■. M.tlry 

IH*. Caltlla • natation f it 1 1 1 amMfi In a taMoclf Itaiiton* 
Milfaf. Alatract [a faali|l<tl l«1aty »f Atari'* 

Iroft ««a If IH9, tttx I, y.|« ll. W0«-l!) 

tai*#t , talpfc l. 

1 HI . Cf«lr|lral it *4/ af t*i affa<ta ol itllf *tMn* o* If* 

*ic rr»lilf rr •< ■ 1 1 aoM . PM »ar» it/ *f lantod/ vatir 
tain* fra# fapott P<o*«f >1. H |i|M ( A-OC I* 

«D 



Mdl«. tail! (. 

IKI. hiirar tr«*ajla itiao. umihI fiit<t**<«. 

iff lanil'vr Iv^atf (Mdraai tf Jnltallail Idacta 

lia at* • \l, tfctaia. 161 m(n, (1-aOMl) 

lia>. tat ry A. 

1*1*. T^a affatti af *lHo *l*!**f m ala WtfaMatnA* af a 

lira** ft** ff-ta A.^aitl* f-rllallno. TV*. i in art* t If*. 
tatnMltf if trtKtf. lit pl|a*. f*- 00 ?-«») 



kaJSkgft 

far*, I. *. 

I9M, t(«k*li aafOcti of jforn* oatrt tail* tonttol. talUtl* 
(I-), VililiM hfir lM(*tm bmtt* Italltat*. la 
ftait, 0-«rt*U) 

bnaw. I. I, •*# p. P. P. tait* 

I9M. U*f r HIPki tilatff la |tnm| #»ttt affti%a la tta 
M pli*M atn. fra**, talf OaU UMflatlra af 
<a»f^ftai tatltlf. t/taa* fTllf. fagt* 

litaMp. I. |. 

IHI. TV# fMiatM »f tfa Pilalaaffn; »Uf t- tfi»a. tnalilan* 
f^l>wr. P»1«M >J, J. * *- U-m*U> 

mi, k |t4Ut la ff.’W m ur AfiPfaaat. MCI IM taMln* 
ca l.irf ftraoaraii InflaaiiPfi frafalnt 1^1 . 0-00* • LA) 

tatnavt. I. C. ml atKatr 

IH* hfrnl and f,t rt, |f**M aatrt NTflf *f 'V tata* laaf* 
art*, tallaatf I, WoaU'ma tatar laiatrti l»n*t«* 
n-alir/W. ta praii. («-«!• U. ft-Ml U. 

| 9lf.U, I M) U, l * U, I Wi-U) 

MO. t. I., h. 

IM. Cr«*r**VtT *4 <♦* «Vlla* IptliM of kt« bpf, 
U«faf«*P. talfatlP *? «. UNrtalm* tatat taaavrraf 
ta a* ifci fnatltata. (a ftrtt. (i W-U, I M-tA.' 

ft* fa. #. t. 

|M. 1 hraaf IbarMle*] At *ff *1 Wa 

ba1tlt«. ttatt *t la tallatta H tafatf 

*1 tari:i. fall, 1*0*. h|i IP, U MMA) 

it.ra, » *. oaf I. * . ittall 

1M. I a«ta*t H» t!e*t *taff *1 to* KaatVorraia. 

Valium. > eta I aa 1 t*pc*a I, InlaliM ta tat Or at Oral 
Itarift* fWtiNt*. t) Pfil. U lU'U) 



fvart 

teUiiUf&i 

ta*fnat , t. A . , rVhrtllpUi, M . , cH ktliM k , V. I. 

IHI. A oefttar* raaf* at tb l*«H, CrirtKrft pollta . 

Craataca^a? ta pm. (A-<>ll4C) 

tataff, t. A. 

IM. flip tai<xttat tataarct let«f«lta la »K# liUapa aM 
oAlajtalalaa af talna. |l pita. (A-9t1<W) 

ftlill 

ta f^at I, Irlo I. 

Nl. Itaaftataa fatoilot If aall . P. I. tfcaaft, tollaf* af 
ttaVtolifTi M»Palu *f W«l, A«lM. 1 J1 M|m. 

<*•«»■«) 

O <*r*. talari l 

IHI. A ca*f*rl*<* af aalaat aM *ljtaaf ta-1r!n* c*l«allta a« 
am< yliiiltik H iMtnl ftspnlti af ■ tain# aplNti 
tell. P. t. tVaala. talla|« af Ufa blrmta ar4 Af* I • 
tiltPl, Oflipallf af tain*, Orano, tain*. IH fi|ti. 

U-00?-?€l 

tat*. Total 1 

IHf. A lifltat twprtp tphrlpi fat t*>a ptlol tottil af 

pcllacmta la a t*aca|of *t t» rr y . P. I. tVala. TV* 

Crataat* tataal, Oat*«faltf af talra, Coma. tar-#. 

If fafir. <l4K)-+*t 

taali*. tat prt P. 

1HI. tatl^P** 1 ! af * «tp f«»Uty rontral ir*it»u fc* rup» 
an* artaitlai afln* VyVrJl caapolat orVat In* taatatfata. 

P. *. ttaala Cal!t|t ** tatWIn**, nUPilty af Patna. 
(Vaoa , P»lna. H r*|*t. 

Pfnt»<PrtV, tart* f . 

IH». fltti ifroplP raliul ta wfm pfptniM af itllaata 
otnftal a . P. I. ttaaTa. tol|a*i af Ilf# talancta rf A*t!» 
etltui. tal»rr*ltf af tain*. <Vo*, taW> M f»r*« « 



PAJTUta 

faUlntltu 

taatl, a t . j. a. pmratf H I. T. PrtrVia 
111 *, lit# itatrff atr**ta *1 tta V>ftV»»a, tilmgti ikiIiui 
la tta fitrtut tt aft thtaary. OrtapMuTtUac 1 

10<J> 

feaiala. I. 1. 

tpf. fa> til t at* of a a 1 a naif *• rjrattatlc aal **t*r. 

#. fl*>. taa . A* , Cn*4-, .*1 1W-I5I U-4C f-«). 

IH*. OV fatal U*4lt| an* l*a iveflnAtN tpowltf. tai 

Ntaarat Nraa] Paliri. Aar? Itaratarf teyia. Pat oral 
Irporm iMtltpl W. ta. 11 1. fafa. »f Airyiiaf 
(A-«4^P). 

latftth. ». |. m* 1 . Pftarrtf 

1*09. f a > MfrHSd tit AOHe«t*pVf #a tVa affttta of |aa*«rat«fa 
ta tV* o*aot i< o»alra«*oa« ffooif. pa Sf*). 1.1.1, taf. 

ta IM. W«. of tajlr* 

IHt <%) UtatPifi n*f‘H m tiapmiN offnt* n Htaptia* 
raloala la: htpap Ntal IrUtai, f jff l ann arf 

Irfti P i t. laf. ta. 19-1). tv M af tarytoW. 



tllim, t. P. Hf t. t. WA»tt (KAtora* 

10%*. tai.tipl amp * f M*o*l fa* Iniptlf*. h^**P*» H 
IPmK talf 1**l. taPIIImt frTrtoctaflt tta I fata 
Katta. tnlitP*. I»9 PHI- U-K4-U) 



Oitarrta. t A. 

m*. (O fataooat ttarool rtaftaa ♦• «<— tf H m appoa l it loo*. 

lit. loot lift. ta. 1. If tail tafo. Of fcrtinf, 

tat. ta*. ttat Cootrl- ta. m. d-UMW. 
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hH, f») ■*. l>,« «\« »1 2**.»llc tM Invyttriai IIIUI l* n*«" 

ttluri . 14M Af»*.al A*. le* A*. Lrg. Fatfr# I'vlrt*- 

• itp Cl* rit.o- <A-00J‘ffi». 

A*|a . I . #1 a). 

IHr. rkftprl#»vHi»* »ivd1rf« fa: F»U*«»t TWrwl ^>1*' 

*« *t • r y . >.»!. fat. A*. A*-*. Cvlr. af 

U-4 02 -»J. 

Pf«i» 

%Ul». I- I. 

IM>4. IHkiti «f i'«*rrat*r* M tS* ^alat lot fpvavlct «l «•!**■ 

(1«« A I TUili, Cllt. it 1)2 Ml* 1 - 

<V002-»). 

Acfrliia, A- J. 

1441, telirirwt *>4 lafik* MtiWlI*! 1* tk* *kUi 

pattk, l«di (* War f *♦ 7 ay i !<>% « . FVt. Anil, Cvl*. af 
1 , af»lw*4. 1*4 f*i*a- < A -001 -*•>> . 

rid i. 

I M 4 . Nar ini mm Ui«i(n la ttiMrail** irripi- A.|. Nili 
ul». af lUrflial, HimmM af MlAllcil 
Ml*l< U*»2*7©)- 



r„ kH<aH «d 
Itllit. l»tMtl I. 

1142. <i> !>»* ajrcla »f «at«r IMI*. Vidt *M Miitai 

i Mill. 

Ik) l«HI 4i*vl«p*rvti la *t*lrt>e*r«til p-ollvOc*. 

Ha iai cfcatf tt* ArUilH, I«M*4 Mi. Ii|M W-M . 

<() Bitcf rmmk pr*klr«a I* tki data al %nitk«i»tti. 
*Ut %Hl|f Jcarfta), titimtlml tflllM ((«tW* 
ilmilil, rcltfi I*. i«Im l, *■««• I*). 

14 It. Fell all**, tJK ? cl«r*4li iMflclM WmI, 1444. Fafti M* 

m. 

f I r»t a* . J ■ I. H I. *. Ilf I . 

l*t|. Mldlt if lltttil ulul UHfi la « lead 

»T*t r*a — KitgrKf H^lliX *1 lc*f-tit>4e »)MIh1 
IrdHl'Mi t^vll PvJrarilt? tolail *aita hU|mti 
fftlllrtti, /jk-atf 11-1), III*. If* 1»tl. 

tat#, AitlM | . 

1411. fnH<)2a t«eft(Mrl *4 atarfj l» *1lUt 

MtutU iitotf I* HiiiKV>«it(i. fiKiMliii, lnli(i| 
mi Ar*{*ttra*. Iltlf^ Min, tUka h 4 lap* Full* 
a If" i,rl|,itl~a. t*ca*ar 12*11, 14*4. Yattfeta. Inn- 
«*>*«. iti. Tain 12-42. (HI* vll) 

fWi, I)*‘tn r. 

1*44 (i 1 *'inirt m tittftlri ll*'« «4 r^itfc!*# rttlAv*# la 

2»*v«r*^a\ti *ata»4- rf Ik# faille Nrfttfj, 

f, IHI Ml**. fata* 

itirt fail iti«* lirfr. rvrcA . fa«« IM). U-*14-aasii 

Al («i art lal 1 1 j Hill \* latrtattal fat nintlM l{4lk>l* 
r'i*iKa iikM 1 lignin n i|H, Uni r4 |«n- 
illi H^il *f flfkm fv AtTrtlt CmiI ntntln, ;#i 11, 
IMI. (kyrla«tn, knl 6nlMi. fa la llllAaC If 
U*« rf tpa rl F|*>tti«a a**4 atlfllf*, I.t. flak rl Vflf- 
Ilf* Imirl. 

(Met. r A , *. I. (vvi<t H I. R. fat la rat a. 

1*41 . laMflrll #r**IHrft# ta ttiMlrtlrit rf tk« 

Ar»rlt*a FtArriri tala*# |7, )v#n I, fagaa 

HC-Al. UWf-WD 

friar, I. I H I. I. C^aat 

I »ft. <|> MfrraHiJ rrf» I » * f c*a al fattrvlnjrtt* la ftatairaa 
lattmlft. fitrr Iniitd, fi f|»aca f rata , trart 
It.tiU. «ci«v ), f.»M H4-1H, U-MMMI) 

rk) TSr nu^iti *2 m m**ik pin (Imi H*«1. 

Cava ft ri Ararvl af ttcirtlilrfjr. tv pr**a. (MH-WI) 

Mir. f. » , a. t. Cwaai 1*4 I A litytll. 

ttt*. |jr**t I ■ -f rra a1|a«. f»ctarfatr|trat fr*e*Wf fi|V If. 

< A 

fr*f . t. * 

1H4. U> A train al rt litatatara *f HU U mtmtrr **J 
titar peltatte* rrt »- *nA»l faynlta. IccntH 
fa* r^Uaim t* tka Nn laiv# af Hi Mmi *f 
*k*« r*Uv»t4l t«a*l 

r»> IriMtmm UifcUt* al flat* tatuntl tv !4n . 
Vaaat IrttHamn IrfiMl IMtfilUU C*f«mfi 
rmnl»t« t«* art** (1-flfWfft) 

Pmti. Matt I rtflini 

1 ad . tartff** frn H# I HI mm) rap-tt af (mu . Httt 
i Cm tat. Hfatrattf af M mHaai ti 

UllfltU tr I If mal a, ft f a**# . 



k1|lk, I . J. , i\ t. U!||«. f . C 1 /tlmlM an4 I . I . Hilar. 

lilt. A aj»UM if |>c .a< k la »■»«■ Nrfcrl S »"«.■ , 

rwrll AMrtcid Vatir laa^tcaa AraatlitlM Cerfacafta*. 
t* atara. (A-OM llASJ) 

M||lri, Catrp I . 

lift. a r 4rr|r|l<jl *iM4ta« |« «•«! ti . VatM Hinin* 

l( a r »r rk fa*ta r, HHailtl' M KMlldanKl f^kllcaUr* 

*o. I, )k fa«a«. IA-00)* 

llllli, Mart C. 

I*i4. 1*a iiaavnal l*k*4a"«<a **4 4 litr ll*tlov at #ut, 

k 4 Jaattll* la iha iMiMli line ur>«f. 

KaiiitUatli, 144*. m a||i, lar*i» i^f J^* ■ 

• 11a Haiti rf fdkaa fa Alljrtlc C»att ■■tvartai, liw II. 
I4k|. C>*r !*• tv.a, h«ik Catallra. t« ftaaa, (A-CJI-FIAJI) 

At 1 1 • , Rarl t. a*4 V r»l* IiIm*. 

1444. t>>a atcartiva ir| <N*raciaciall<a rf |rt#4-aim cav* 
UkailN la rniKkniiii. v»tar latnnH laiurck 
Cr*tar i Wlranitf af PUat *rA«a 1 1 It MlltiMaV 9*. 1. 

20 fi|ti (l-0Cl-W'.> 

Min, irfa t. 1*4 t. ». C«*r«r 

14*4. Ilffaarvtlal Uflvama af a* vtrraklal * 111 * 111 * 

a( aarkrv illUilil. laclitfvl if Itil hiti»flM». !■** 1. 

U-OX^wMi) 

Ska#, Alar* K. 

14*4. * lyirafpiM* alvff a* itatrfl** i*f IcMifettl"* *»vtM« 
4*f«llt. A afretfl frajact nfiil. 4aa**t**“»t *f Clall 
tr|t*atrla|« C*l»*riltji af AnildaiilH. 1 1 -00 1-WJ1) 

HaiUl K. 

14*4. fait lc Hi railMl at ■ yitlkla liftir U litrtl »l«Hl 
MatMar *ntiHtp. | r ^nU tv l||l, lama u4 )»n* 
alia a 1 1 |»* af fiaUt (a AtlavtU C«ait titaaHii. Ui It, 
1*4*. anlntr*. Mil (irrllM, li M** 1 - ( A-01 4‘RAlt) 

l*ltk. Mnltl R. i*l Cka rial f. <•!# 

14*4. Tka inaavillt* al <h ir>rl*»tt4 4/4rr<iit«* iMictldla 

liallari |a alaut ri»<tfv|ar. h rafellliHMtlM M#rlt>*M 
(Villa*! fna IN Vrvtar { I r Cfvar Htvarjr. AaMac»*rtatti . 
iiviil if Hi flikarlaa tnmtl katl af Caufi. It 
M**t. 

Vkltaif, X. f. t*4 t . I. J. Oma* 

1441. fratiarlMf luturfica ipinaa fir Ha flitrlkattrv ■( 
mi|i aftiaHI I* Ha aril. Fipar A# . '4-lCl. Rank 
Atltotir 1*1 > <n , AS Af , 1441. CtlranMp af 

Cmrattldi, »*rfn. C«M»c(r<«t. (A-004-1MI) 

ftllH. 

takUr, Marl t. 

1144. T>a laaiaail aVAfrva «*4 llilrtUlM if iu a * lirraa, 

H jamllr fti*ai la IN Vavtaetlc tlait litairy, 
Aaaiic%*itt« , 1**4. Hnll, Hlvanlrp af Mil- 

lUtlll. (A-41 l*RASf ) 

M, lutn 

1144 lrtitt«MM|i limn la*Atoa ar*r* i**f *a)l«la*a 

irr|r*{ *4 vital- R.A. Hnll, Cl*rt Alnttll;. Vrrcaatar, 
Rail lc* *•« tit . (1‘fOIMm 

fatt%, A tirlck * 

1H», IV artmiKi) ffkvtiti H HfalflcMcv tf iMirlnirf 
* 7 ft a< »rVrv Inrttltlla mlM I* Ha tHMi al *l«tat 
I Iranfar . PiiifftltnWflll TOlUa*), fr?4 

Hi viatntn Tr«ir fcinrt. *artac4*atta. M. Haili, 
Hl«trtitf *4 AiHtkaimi. If faf**. U-4D-W1) 



1QOJCM 

hUlsUlM 

It # *#, A. I., I. t. 4*lt v*4 ». f. Imrt 

1442. N Hr l afp m 2 (Nktattf if • nrtaatit |ttl«. UNIral 
N?*t N 1, 4*4 tain time I at tat taautaii af Am 

Nilifik, «t<kf|iv It ati 4»ft«Htf. M Mf*l- 

NlaUfar, t. A . , Nrint, i 4 flliril 

kill. Ctam-ilM af fjitnnrt trait***'! flarti. Vitar 

ImarcH Raiaafrk. u 2tna. {1-4II4Q0Q 

Cnrf*. *. «. t. 4*11. iif I. I. Mm 

l HI. KlMff prrAvtl*, r-«r|»tl(l, *2 aatrtAI vtllltittv* tv ■ 
♦mmiii mi*. UNiitl lipnt t*. f, M (i(«t ttm 
lartaa. tminti af knit tnavrt, *i«kf|iv ftata Hfr«t- 
alt*. IT Mill. 

MiN, •. *. vM f. t taafl 

INI. ffatlr rnMNi tv frltvatw ftfertfH fa a tf**r . IrtHHI 
•f **t«r tnimt, Nrrtffw tin HfMMitf. tv pm. 
d*ri4di 

Mala, Ml* I. 

1H4 . fat 1 1*4 M| privfHm fmlfWN tv *if** (M*t% 

NA||«. «fi%. M. Amt. NMfh*t *f fitanl bwwta 
tarvrt al t**«vitfMI«v 1. H fi|ta. (Iftl-IOQ 
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tiler* J. f.. *. C. *<.*. »n4 * . A. frvire 

IHf. A. rvKaifoci af erMflrlal *tfbnr«iai for aejaurlft* f+t IpA?- 
intt pt -hKk 1 1 or . tecta lr a I Aaport H*. 1. Xe4 Cadar Meat 
Srrf*i. Imitate of t'ei — UacttcH, AiiM«jn State 1 *d 1 vet- 
alti. 1\ 

Prtalar, a, t. W ». f. Koalitra 

I lit. O'r b* 1 iuppl? I* in *ctl*aie4 aU4|a pleat. 

J'-v m ' L «1 w»tet Pal tatl* Car iral Alteration. lapeiai. 

(a-oo?-t:oo 

fta aa a aa , * . l. t X. L. tix»ttlli, (. —.el lit, ant K. v. lUdtr 
IMP. HrAtet-H ttWlaa af aull «ata#ita4a In a«rtc*H«ral arrta 
"I Mttai nScKl|«fi, Ac pert ta. ), tuafSlnea Pella. 
NlillA*i w<iet Aat—rce' Co— Laator, Litil'i . (A -OCH -*QCH) 

I>mt 

iur4^»*r, TK— mi «, 

IHt. C*wtl—.»ai — rltetlftft if ctaatcal ir»4 pftralcal 

eta racier tat lia if tta 1*4 Ca4ef Hirer. X. I. tieill. 
AJtfcl|w tin# Oalrtrtltp, I. tanalnc. 

»*— l*»e. U—<ar4 t. 

IM. At l i-mat 1— af aalMtll HUifta far— if tot pt t n ftM 

— Wit— naia m«i| **lle. fi.P. MaieHatlen. CM ret a It? 
•( Soattata Cal l fare I a, Ua AaiiIii. (44Jt-fQO[) 



Irtvi, Lrvli t., C. n. tadwr, and I. C. tlactar 

IMP. A t l|i ta— eratare • attavatar traatural pmear. Tta 
A— rlcaa Society of HectaMcai tARlraara. Psftllcatloa 
PP-WA/HD-I. (A-OC ) • JC IS) 

trcvfi, t**la X. W I C. Tiectat 

m». til Aace—ealtlex af filrrlaiA frofacta la ear lateral 

• atari. Prwi*Mf C« — letm Prpcrt* HlaaUalffl Water 
teamen AeaearcA tMtllcte, fi|ta *1 • >2. (A-OH-XHI) 

Joe**. Artbac A.. Jr. a r>4 l> i / 4 H. talrttay 

till. Water politic# la KJaalaalppLi a to— entire anljati af 
t— want rntanai Imlifwit et|— lutta— , IraceeetP 
Cvflatlei Hr poet . RUataelppI W»tar Inmcia liaairtk 
l#a lltata. ta|H t * J4. (A-OM-Mli) 

Hiller, w. fa ark. Jr. 

till, Peraat alt# aarllaratlaa U tM eeeatal fletvooft af 

PQaaUatppl. fntitatl toaflallaa Ufott. HaiUiLppl 
Watar lunrtH baiarck lulltvt*. Pi|M 11 a It. 

<A-01 V«») 

PHlIlpe, V. I.. Jr. ( C. M. left— r. m4 L. I. Iran 

till. TV* aereiW atllluttaa at trdi aaf ttfleeft ali Ip alcrr 
triaaUaa, APatract af papar pnmtaf at Iprlai NhI|i| 
af tartl Caattal Iraaci af AMiitaa Society if K1 trail* la- 
•lata. (A-PM-MSH 



niwuen 



XailU .lt_l.ayj 

Hal*. <* X- —4 X. P. Cilaa# 

lH*. THUeireflc a|ln| cl amt Stile aell ap|r«|«taa. Sell 
Science fraceall*i*< tl -00 1-xiawi 

Power a. C. f. rtf A. f. lain 

ml. ta-r fra e*s4 enljeit af talafall r— elf iate f «r aititlH 

aatltatafa la Xifieiaaetl. Uwcarti Water ice-tcae laaaatci 
Crater lellatia I, 2d y»|ia, 11 1 1 1 • . . I t*>laa. IP (afar* 
riK at ■ <A-eU~HS«*> 

lull, I- A.. «■ C. walt««. an! I. 1. kill# 

1MI. Affect# rf a«ft raao»t<a* lr«r# l* winnaacta. Hlanaarta 
ratar l»a*af.*a Kaaiard 1«llatt# II. U) pi|«i, 

I t*fata#rra. <A-0lJ-at\j> 

%<-W1er, I. |. i*4 (. 1. lirt.a 

IHI. tjvff *> .-i r> | r tp\* for A aittaaalltai ettriitef *c4e 1 . 

tar. rf tta Wr. M*.» ta. lor. af Ctell tr|r.i Talaat |4, 
Mrt «i I. | >fea !«!>-?«. fA-iU-^m) 



>|ar«. t. *. 

ml. 2l«»a arf pK^aptaree ta Waia Al»«tteAt. lt*^#lrjlcal 
I'tnrik Crater, Talraraltp af XlwneaetA, latarfa lapt. 
ta*ri *. Jl pataa, I flp*-. I rafrraacaa. lA-4li-Hiw») 

pt-jfif k . w. t>#Mtartal^, ar«C t. Iitrrtt 

mt. fari !cf|«arlH psra^tata a»a ip alpaa. xatcr la##arci i. 
»! n it. (t-rtH-tm) 

taita. *. * . 1. *. etaai, **4 t ft. C4la«.k 
IHl. XrallAlanp *t»4lla af rvprlaMtaa 4letrii«tti« atti tta 
r<Hit|earaX lllnUN rrtet4at. flarrM* »atrr X»a*ateaa 
tarartk fttiat tallaiia f. It a*t**« I* l> nf«* 

<«m. 

tvM. I. I. H I. I. Mrr* a 

m*. fNtimt la f^Ht »ail «» 1illtA*crl ip Mil peapartiaa, 

llliit, W tva. fta*c**ra »»t*t kH.>rtH Paaajtri Canter 
I«1 let i« IP. II taer, ?• ft«a., II trital, H rafrtmn. 

iA-Wr-ii 

Caalll. J. i 

4 <*H. rMrtatenrflaf tta mtar Inalltp eoatraaarip la PlaaaMtr. 
HrJra’tnta rrtia«t-a Xallctla P«*at >*|. ft p«|*e. 

Via*#. ». « . I. I tall. h 4 > 1. Rtlla 

IHl, Ca4*Ue4 r*4 a rail r I *4 Itata 1 at n4 «Mlrlpal atlltacM 
wai'i -a p«4 *t4 ra1na4 I a*4 raaa«rca« la Hiaoaaat*. 
HawHln taHTrH *>a*'tcl Cant It Pali alia I. 

tw m*i. ii-f iJ-irm 






»rar**Ata. Mlllrt a . »-n4 tap t tafan , Jr. 

tw. * lat| Nl ftawtrlal p-.aral'tf toil far nail *« trr 

ifnlrt aMlflfu fa PS*a laalppt . frNtmf (Mflrtlta 
PapHPt. PfWTMtprf fit** IraNNM Pantrc* Ntirafl. 
f«M ti • ft iJMxvnm 

Xr#*t. Ma Wart aa C. Arliat . niiiaa P lamfttf, «4 
CParfaa a U a — raar 

m* Hr treirtfril —4 m rt r ta*i — * r«nat af a tadl 

Maaiaat.it rl*» • f— t WMp ^fttalintlM. Prara»aa4 
f-atletlea Pa pari • *1** Ira tpp l Xarar ft — Pm htmd 

H* if tar# . Part ♦ * »♦ 



Ptlaat. HalaUfa I. -4 A-aa tH.iela 
IIM. f a 1 Oanael >|rad*tlc* 4cvaatra— fra* tarj» 4aaa. 
ta prrat. Katat Pcwtr. 

f ft I 7 Lm rap *lta 4 fat alllaata Aiaatl ia|ra4atlaa 

4a«^atr«M Iron latja 4«a*. Halar P«*tr. la praaa. 

u-PK-mii) 

ft) HattJKi tari t a e aa trot • lar|a 4a* la tkt Halt 
#4 aiflaati ctaaoal 4t|ta4*t!oa. tern* It at fra la 
t»» Hltti tear*** •< ti* laiaraaf !**al latMlttla* 
af Vp4 1 ta) It fttaMftft. <A-0» *011) 

ftrl taaoa , Urp4 I.. ft, and t. A. Ma- 
ilt!. 1 tea a*4 t pracfpll iff— U Iw alirllaltp 

| rtvnf water*. Water ar«4 levift *e fit , falaaa III, 

Pa— at II, p*4* Si* . fA-OOJ-lCJf) 

fXt*4#3a, — >tt «*4 — I as 1 1 a I. Prtaat 

llil. Pent affect# af wr-aalt ttairrlt la tta —pat taactaa 
af • ml l 4t al##|e leal*. Water Paaevrcta lallillA. 
la praat. fA ^IC-WII) 

Tar—, P. P. nf J. (. ftWMtaf 

llil. f aoa-4taa«alr*al *pp rcac% ta li* Ilea af tratar I* II— t 
a*4 »a**ta. Prateatrf (aaplatlr* Papeat. fUtaltal — i 
•atar le**«rtta leartrd ta*iH*ta. Pat— a a |7. 

Vtlitaaoa, trj-pti P. 

IMP. Irecttl t|mt rreira* pceewplfaft—tt w4 etw Itp 
acifta a*/laa: tia caaa af •at«ratal fwl ap ant . 

««ral leclalrfp. Mia— V. I— tr 1, papa 19. 

nmniM, u»atk t «< t. i. H‘t* 

IMP. Craara) I ra4 parti* I pat I— af «1— tare Ifaftra |a It -at 
•attr—M ptajatt*. Precraaaf to— latle* Prpett . 
Maattafpp f wata# V«trt aa Inaitd taatllata. 

Pair* *U a A|. (*-*:« -111 

will fa— , ft. t.. ft. a— Pa— la l, patte! 

IMP. n t I— #<t #4 raaaiNttra aa 1 r*<4 taltair I t aaa atafp. 

Prrcaatal Ce— lit)— paper t . — aalaatpaf *ttrr Mnrm 

Inurtl laatll— a. Papa# a * JP. H-4M-XB111 



fa la*. Pelt— IpftAall 

l Ml. If let! af c*wwl tract a* Heat Pal fayrtfett— 

pra4tctfe— . M. —rale. — aetatlppl Itata fxfaxrtltp. 

(Hiftnin 



Bium 



MHr »t la— 

•till— , P. ft. —4 J. C. ft— m 

IMI. Marco— talc 4*tar—aai1— af a— lata fa*- 

ftal. d ta. -ta. U. Pafat MT-Ml. (1414 ft) 

P rt t tea, P. I. J, c. ft— o« 

IM* fl— tH< later#!— tf— H Wifi tea. ttci w iwful 

Jft—aal, ft*1. M. «*. ». p—ea 1-4. {«— l»— D) 

M*^, t. I. 

IMI Co— —at alftl Iftrr.titt f*—tfftll— aft atttrfM 
ftpfttaalfca . ASd P/4'iaifca Pit. C— 4. ftl. A— — I. 

CI-4.I-MH 

*t»f, f. ft. r*4 ft. I. llai 

1*11 . Waerpti— af paa^IrlAra aa rl— it— rale. Prta— t*ft rt 
Pli—rl —aft — t aft Pciaaea fftatt— , It. U— I, %y I- J. 
ta |r»H (A-— II — I 



JOS 




t 



!•»*«•*. j. 9. rl A. f. lirMi 

If'-I "«• ilwiln cf luddite# leu In loldlM. MaliMt 

H>, Cicada l* Celteri, bovltled* Iraellilre hn 0 
frcgredc ta CieflcM, In Faslo. Iisell. Vcl. FO. »o . f, 
ri|l HI. (A-0J3-T) 

Ufiw, 8. V. ar# A. r. Itril 

1949. Fiviea ugeetlc reiorjeca itwtfiie af *** t«a#rMt* 
tellaellc* effects la let really -l a * am Ik te*vi. 

Aevmal <«trlce* Otelill Wclety. f* frill. (A~C22-ND) 

l«n»«. I. V. *r# A. f. Irriv# l 

Ifef. 9NF ilaij •( <wfj|»cill dm ar# iatirlmlt it^ntleu la 
lM H lr >- ieeml iMtltia CViicil lectelf. 
Ml. 91. Mira FtFO-l. U-CF2*®) 

leui, C. «. mi A. I. iJaUfalt, Jt. 

1911. t f fe< I «f tMcniritioi a* itllwM #le t Hbrllra. Jnnil 
af tM tyfrerllca He Ii I a* , ua. !• fINl. (A-0) * -J 

teal. Pco.ll l. 

1919. Ilftiut m4 beat «ei: « k*m!c goal (■ r *»ur lav. 

9lil«wl l» lee lev -lye In*. (1-001‘R)) 

*•»■« i. i. m4 i . c. c«rM 

1199. 9 pact raf*wto*airii fiteraliitiM af Otecriuii l«a . 

toilyiltal CKnlitnr. la Freei. (A-Olt-HD) 

Halts. If. ». M J. t. Cvyra 

1999. IlHrewtrlt Attertltitla af In,. Mrttl 

IrtrltM Velir Verb UkHlitiM. la yraaa. (A-619-IOI 

*aU9. C I. 

1941. aitrefen potential v»|« fetters ires#* • fvtitr n. 

facte. Free, lit* 4r*«*l CMnatee Ijrlmltrtel lltrrges 
ieitltite. Figei 94-101. 



Huneon. I. A. 

'949. I've affect o4 lefetlMu ee tM tlee lefeMeste af tit 

asrfata tmilea rf M«*«ve esc fit teat ry e l an# . Ft. tie *■. 
r* I re te 1 1 r er PUssmrl-bal It. >4 psgas. <l*#>:f-HD) 

CVa, K. ff. 

1949. Hfrct af alcellee H flmll a af a* tel lM. FV.8. 
eh«le. Ctlnreltf ef PtLe ee«t l-fcel 1 e. II) >e|*e. 

<l-01f-») 

llltb, H . 1. 

1949. Amlytlcsl ■ tr#1 ta tltl the percale* ate enf (leebeeite 
lua-lelettlv ilKtNee. 9.1. t>i*ti. Ofclearsity af 
RteaedKilaAli, 94 fage*. (l-l)MT) 

tibia, a. a. 

1949. TKa letl|m»l teecnttetlni af crpf* r, lea# an# else 1* 
sires** af tM Lea# felt", Hlssmtl. 11. (Male. 
Oklran :.y af Hi ear* 1-bal I e. If Ml**‘ 



HOW AHA 

Fvbliceticaa 

Icyt, t»*I 4 *. 

1944. IlmWtlrs ala I leefirtl elnef 1 laser yrogramlagt a 
gram# tv# tsrfeca attar av#el far tM Call ill* Telia* 
et Hettei. tee (etc* l«f«tl »a. 1*. Tatar leeuft ai 
Keeearcb Catet, Mtt*« Itete Oalenrstty. U-4C9-*#!) 

*1 ll leas . SWMcte I. av# Naina bos lea 

1*9*. tM effect [vassal ef f*llettlf| ty<rali|li feta it 

fUynsr# Creel WinrsM# all e #et« ec|«tiltl<t elite*. 
iMiirtl lafert Fa. 11. Veter Imafcee Fee* ere 4 Center, 
MtMl State oalnrsltt. U-004-WW) 



faltb. C. (. 

1949. (e) tret re t if vetatVema folletvtl. Free, el Iwlear * 

Mlfrlr* lM ball •*# Vatat tael repeat far Art* *acb- 
1*1 rV* Aftfrsllvtt) FntmtfaJ af tM Craal fie tea, 

Are Mt lev. te*>i « . Here* 14. 

o 1 titrate pel I at lai af vatrr ••*»))*«. Free- >r# 
Aevrlcaa frefirinc# a* trice lAiltMt la taelraa- 
n*«til Mall*. Orleaeilty af Hi e *r« 1 1 -C* 1 «#- 1 e . 

He* IV 

(c) T'-e cr-nt ri4»t Ion ef i|rlraltata ta aster pel I .t ten. 
Free, fitlmat Inetltvta ct Fir* m# t«# Itflttt, 
CAIcif* • Af • 

(II Mtit fcllat lm -- 1 arable*. Free. I9tv Ararat 
fettll r« r *-9 let) fcM|fai*l Heel Cnrw, 

9. 9. .Stlilliat leertletlea* Jm+*ry II. Fagae *MV 

a. tar- , 1 . (. 

eei. i#» a* *<■ it •* I re«l«Utar I* rbe #mle*t«| Me Me# 
bale af *crt»ea»t Flaa.'vrl. Abattact, leui loetiil af 
krnte. ft. MV. 

(i) iita~ trilft* Frrlecifoet le itreaaa U *U1a| #la> 
trice* FtM latatnat loejl Coe fereaca tattr ^*1 It* 
Fe«e»rcA l« P*ee!r*t*« Crvetrlaa. AhUelee, let eel . 

•*m. uin-wi 

.Tefca. | #. rM 9, better 

ml. Flitcatl atria* tteflct taletfaf ta tM *>H Uli lalt.* 
Ftrc*e#tn*e , *laf«* t* »f r el Oaf rr*ace . aMeeraltj 
a# K*aa*el-9 1M. Cimf an# 



linn, 4. t . f. Mftet. t t. |,tH< v# a. t Far#1*t 
ta*e. 9>|lvtim ftoa Is t l a 'aea lea# lalt* a# kcwtMeiter* 

• ttnrl. free. I'rl Mnl Fat#-* tefattlil taeta 
Coefarrvce. He*. CI-FlMt»> 



X terra. 
lM'. 



I . (. rf I. I f*#l»t 

tew if fret * af laa#*elr< afal*| mtHttni M b(«a|tll 
rarf tat V* yell rat'adfrv*. Free . Hleaevtl *c »#*f 
V fea^a Sretmg/lt. taefi, Haf. (i-#ll-9to> 



Tbeaee 

Fra*#. I- 

1 9*9 . tail frraert lea r# cltaata fa Hlaaaarl. I I. tMaU. 

rVlHtlltl a# Vlr*eutt-Cala*ta, IH Mt** <l-*ll-9t» 

t»1ev*. S. I. 

1*49. 9# fw» leteraettew Ve ?me atctel Iaaa N »a#T«i 

HmI 9«! fata. • 9. tVeale. Mnnlry a# tj*t»»rt- 
ii-in. if ***** <1 tivar) 

tMttae. V*a#rl I 

194# . F leant*# rH e#Mte*rt 4 Milt **t« r*r); flatetcH- 
as ervmoMc I I. Petit, ftletrtltf ef Flneetl- 

fa}a#lt, )H ragee 

•MMler . a. 1 . 

1*91 %rm eff#et* a# laMafac east Mat et re * rt r*«* 

I I. tvtu. lilftrittf tf fteieerl-leiu, 
ll Mr**- C9-4J1 -Wl 

ttar. 9 t. 

H«9. IMtftln rf fee t fc t#ei M t Irt a Ivnl e 9 9 fbrtl*. 

IN t#r fe Ft f ef *ia«e«|-*rl!». hfVt (1-419^*1 



r um 

AAlir, ll« real 

194#. bull tear re rtrtlra: earUl i#etr|r*|bf. II. ft. tbeale. 
Ht*entry ef fcetvi 1|-#?V-K*T) 

taaV. m^atl C 

19M. CttMiltf alter frAliae al * fatter l» •oktclral lacrrKt* 
at to* I* Heat are. A. I ebrale. tNImaltf rf PAntara. 
U- 4 J 9 -ICW) 



RMAgA 



Fablltat la*» 



berva, f. t. , an# fcnae I. M«*<r| 

1949. CeariMT ftaftra l*( IlMeleg tl*t #efe*lent 4m vitb 

Inatractlm anl tu*fl*l balartelty af tebiiate CaUe|* 

•I A# rice I tare iM Kona tcraontca. tM Agrtrallatel 
t«e*r Meet Itetira. J5 F*t**- (Mll'W). 

Cictm, Ms#* l., 1- I. tattle, a--# C.f. ballMra 

1949. OtWa Ilea!*# ffaetlen le areter ureter# act|Va9. Arvwtl 
Irfett 9c. 9, t* HflleJriJ af Flail n# Naiireei af 
beffi#* la Islet la* tl Carellt l*9M«9RM«t.* ll|ei 
(H9HU). 

Hracta. Uoa !.,••«# Hrrlla t lt*4»*l 

1949. Hear rater fnalftr fet erlltletel rreVatM- #**mal 
toarlcaa *rit FtU Jt*af«<t»t lea. lelne 41, Mbet », 

Fife# IlkH. (l lU-ttlV 

lameVaritr, FlcMc# I. 

I Fit. lonala H aatef If* leftlatH fra* FAtirti U* 

Iveirt, felt^e i|, M4«r F, mrareftf a# lelrertl. 
W-^faFtbl. 

to aenber | . t. i. 9. I. tact, mi I. V. Irma 

194#. Mreirjjfltitlet * reel#* af reaaart*. Mtub Iftlrtl* 
taeel ferertant fettle* Vli-elJ anaaM Nbllcetia* N. 

FI |*t*t U-MI R1) 

lean, I me! 1 

iHf. Am ae a fact rt le attract tniratetra, Mgrlceltvral 

tcmoaCca 4 »»art IN. *). Vain re tty af MrleU, beftl IHf. 

c#-#04-«tir. 

fit tan,#, leaarl I 

1949. lM MthteMn far aster miemtln an# errata* caetrtli 
Carat Flafa* Rgrlanltarel taeecll MMttMn, talma I, 
Maher H. 

tavtra*. Ciertea I. 

I HI A!tr s*s! atmrt tee-i htfntaf inrtltrtimal Wei, 
#ef*rr«mt af Itrlnimel Icmald befart Ha. *4. 
ferfavTelta af IMtaaM . fl-OO^Hbf. 



P**t* 

ter lava. Mat* l. 

tM . TM affirt ef *atet it rare m C*j ntHtf* an# fieetlm 
ta infSai. 1 1 fMiti Hlrerattf a# HtrarM 
O-NhHIV 
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lUi'J 



l.. 

IH t . PK* ■ 1 v4r W itwlo/WM of ■ <*• l 

I>«*f*. <1 felraila. (A-007-Vtl). 



call. HI 



t *, evaM* #. 

IHI. trf.'l af I ImIi - orvc* entire r* M>« fafa-itla* l# »• 

»J| , < |auc%« l*.A. r»->. IMUI. laWatall/ «f MII'U. 

<a-01»-xm). 
ll»taM . Nrlln I 

l»i/. A ataty t Uni vu** ^■Ith <■‘1 antfHfel r*tAar|* ly 

rWh»«. ».l- r*i**t»ity »f h*v-..u. (a-cu-ki). 

Vico* , Di-*M * 

lH7. **tfeal»at al IiUmH af llflf Alla ilMl. H.l Tfe*!*. 
Calwraltf «f Mmli. 

feat, Silvia I 

Oil. Miutio* at ir i<.i i ih «»t*r If 

ir*fK«U *t*ij fsi miiiiI MliiM wit*. fN-®* 
rainfall? af Mmli. 



iiaMt, %. *. 

IM, Bella m Ml! a 1 i* of il*rtt feraia . Pt.l. A**al«. 

CMnftUy el fe »r &* -I *ov . 1/ (A-9il'* T > 

Coray, 4. 

IHI. vt Iftria jr*M lia aalla. N.t. lAaaJa. 

Patwralty of Hfili M. 1 1 HI' 1 * (*'WHtT| 



feaaala. I. 1. 

IHI. Iw aril aH corar tfencUf liilcl IKai taflMKi mil** 
avi fl«sl* c* aaat alia af llarra pmli. H.i. 

U Mf aa < Ualaafaltf af (A-CJMCf) 



fa/Ut. K. t. 

I HI. A tirvty af aall ImtN a* iha aaal at 4* af ll* lima 
feaaia. K.$. iVla. ivlniallf af *»« U . Ill Hl<<* 

U-en-w*) 






&1K& 



MUs&Utti 

fetefer. Will!** «. 

IHI, (*) lisniNaaUa fynaaU ffc|U«lh| u*l l Ha 

af flat. ^0***111*48, Hatla*al • rfe**!'* a* \>» 
lAilril* at Wal*r feuvtta l/il***. 

Caloraia, fely IHI. fi«* a IllOtt. (l-PH-W?) 

O) liilaaitlul i»H1i fa* a»tl*ltlni tla lllacatla* 
at il*til*«lii. hcciiil^a , Urt «W tpr 41 ^ 
n t«* ft* af i^f K|tul Cretin La 

*/fa*Wj. f*Kl«, Alfa?**. t*tai Ill'll). (C*ll6J*ttT) 

Cef*F, J. M laHrl 1. feftl* 

IHI. Cfe*lA.*l a>4 fHyaleal fteffltla* at **£»-•* ttail* lalif. 
rfm(*l* 4 i. l*t*rMtl.^l frral* 1 a* M ViU«ll« 
fella, limalH. tala!*C*ta. II Hi 1 '. ( 1 -tW-HT) 



tall lea* jaftj 



£v**ta, Hoaalf A. 

IHI. It**!* flaetaataaca f lfc~- '*«lr*a*lt)i ®at**tl*l l**l * •< 

irtta **»l/iia. VflH H«»*iat*tTi *al. >f» *a- i. I Ml*'- 
ti-OM-WO. 



JUcai, 

IHI. 



LttMtl 4. 

(a) l«K*f*(ll** 1* %ta*% tfait (Satraliwa faatlAilla) f*f 

MlUltal t«6t*kUiU»** af Dd ■ J. riakfea. M. 
Caaala, (A-OCl-IOQ . 



IHI. (V) Ct**\4 laf taa lattice la ■<**•• La tract Ifaat l*L 

lit* at Irrali af Ml. 4. fl at. feta. M. Caaata, 1H1D' 
H'HOI. (I-0C1-W). 



Pert**, U*Mtl f- a»i W*H V. f*rata 

IHI. HlaUal tNl latlMtlaa l*t liltlrn*! arrafl l/alta*. Tad*!* 
(it «*»* 1 1«| f*r*r »*. 1, v*m t*a*>»t«#i Baaaartt Caatar, 
tilnnltf af Pr« hayllt*. HfVa- H MI M * 



Mail*, I - I., C. *■ ft**, fe. t. «*l J. n. UiHf 

IHI. ■*■*( t atoll** «a w* wiiilli tall* ** *•»» 

alia af *»•* l WfiA. hKifll^a, tfi******! lonal 

. ** W.ilaila fella, Kwralfe. €allf*r*la. 

II Mt*« IA-'»Mtt> 



n>aa It 

Nan, fexull I 

1H«. it «i ( a a la itoaU fl»cta»ttf*c* tlaa* lyaciremfr- r*.|. 

T»«ata. feklrafaltr *t **» I«at*Nlf*- It® (*- 0 d-MJ 



Ait*/, i. I. ** f f* * > fe^aler 

IHt. (yilv** Vrd*r««l at «at*r raai^tttaa la fcaat* UilM. 

rrp«o*#l*«a, Hatlanal t y* f rt l«a at Ca-^M-oalal WritalXf. 

1 > r i t-a Wave l**?^fe*a Aaiaclatlaa, t*a fra^laca, 

Cillfrvala. fi|ii l‘ «- (« Ill-PCT) 

•-I." a *f 4*a*tl Cf*W Mil, ?at*aa* I, 

• a 5. t***i I I?. (\-rtw^n 

4 - 4 * 

! v*. rf|ii V.ai* fet l**t r aa<llf»tl« *♦># *»*¥i(tvapt la IH 
W | xi tilmWL. Nrtlrtl a**H*iia AafeWl tiraa 
Hs.ia, fctA Oi/Nl. laLl 

5<»i*t cf Wtica, f'V^ I, l> 

* t. p Mt-tri 

.Vp|l, t. «. 

U)l, *a a^r tf •<-**— vrV a aval; a I* -~f I «tlUtlr <4 

if , t iM*ti f a tV itruati -a pf ftr*' **• r>f aivtaaa 
*mh I' lmtif. < ~t*t f t Iim* N.vic*/ feaaarcA. 

**.*ifl liMircl NUttL*. ? i tlrt l »<f?:l <* *) * )■ 

at flail tafia* -*•**. »f f •ata.at la|, 

ItNatil*. *Tti M'l 1# 1*J W* 1 ' (1 ON Hf) 



f - *i. W re 

t*Tw*. a ir a hI Ml*/ la ralatlafe fa fuaafert 

•’f t a’w tniia. trallaiaarr tint tf/rtl. 
trf «at*t t. «*srfc*a liarirtl, N«rl Imirtl 
l**m*t*. s« H«*«. (i-fii-tr) 

t**r/, ) t. a. 

’**’** ti«*-*iarlfl WViH at wtat tVHalr/ la 

atat«*a. hr r*i*t Vfet II, Im fmt Vixrcii 

Nai'tt Nam tm.rck Niii»ti, II Mm. 

Ca «i» 

If N, fefNl f, 

I hi. Ill u>ut *H<hTf »*f m(!ft<*tlai. fri/tlit Wtt t), 
Gt*t»f f t Ifitattl, IWarrt l»*»ifel 

^ ft/ii. fl «f 

•W. (h> • irM /t ra a al timnatin far fmiriunta feta 

Hfl » IM'HM'Haa ylrttl^t «tW. frrmli<yi 
r4 it* tint fcnf-hal rtv» ra featiatieal 
rlcfra, Httfpr#, fia-wt lf*t . priwf«r IMtfet H. 

N Htat I'tvfttt tremi, Hurl tiiiird 
InilNt*. 1 par ** . Q-«fl-9t| 

l^t. |c) 1 /t t H Ht fUHtll feta . hriprm A«r*t U tfattf f*« 
Hi*f Irl.vtni tmifrt, limt imml Hurtta. 

I* m**«- U t* *rt 



wt ;usn 



llf.fla. C.. I. C. Aklaf* aai I t. l<Ma*«*f 

lhi, a Katmirf | af #** t* t ftai*l at Himl affacia la rlrtra. 
Itniltcil tlf»«* trllillN U«irt*tl taafirma. *a*if 
laar^rcia Ka«aaft% laatltata. »<l|«fi l*ala#ral*T. •*» 
Irarnld, V« 4*t«*a. f’ **;*a. (A-4lt*fef). 

lull, t. If.. It.. T. C H f t. ».♦ 

IHI. Af f If ft I a I *f ft'Mlt a i r*t If LH tlall*; I lAtfaUf/ 

(mil l|»*lf*. Irr^l «*. m i, 4- I. v^at* 
taVtaiarr. IfiKtlH, fe* fefiat- •• fH»*‘ . 

(*•('«*. Ml i . . 

IHI. A It«*(ftiltl *tlla»l feitja at idltltlal fatwat aafatlM 
fa atr<r*« *f **» *f rrtfffrilia^a alaiMi prtatl* 

| 1 a« a a»*» yr«ara*^f »t A«H,irOt tifta* Nllrtl* 

KMUi d Cralrffvl, tiimaltf, V* hattHd. 

•ra >!W/. fa** INH, ♦ /»»»» Cl-HI-4/)< 

Hrnf, I. ».. *• l- tirtUr* H « t!at»*t4 
IH 1 . r»t#f Ht.^fti NwlafVd rf iH Hal I let llaaf Wila, Hr* 
l*trlria l«. **«l. 4*4 -a . Nllltfll** IMIN-ll, 

I f *t** f*-«*-w iw a ii l*aj>. 

fa vat . U-mI *. mi Mtt *. W»!«a 

IHI. fa frta I«flt«atl 4 fV* o at w aild af l-HlftaHlf/ttH 

atti l*rl*tth«« at lylrmimw * 111. A ll*tf •< pSaaal 
tMMt art la Mffar* *at»n, Ht*t >r5l4-SI4. 

Mtl-V). 

fml, Iwl 4, f»t«f »• lfeta« H fe*a]fe«% H'U 
IHI. fer*tTr*ra •*# IHtflWtli* rf a^v*alt* t ******* t» «ra 
fetwy‘a a*. f»a*a . AlHt/* lt> I fer*a» r*llrtltH »at*w« 
tarfatr^t*. M|ata Ht**faity, fe* Hr*%**tct, H* f*r**J. 

\H1. karrlcw fe*. Ml. tiytaHH, MUtiffi* «»- 
frfeH. I Mt*i. (A WMJf. 

tHI ' tltfelM imftitlaHl tMfrtttlea ta I ttritlllM ft*«4. 

taf«rt »*. tnM. i. I A«t» Mf*fr««f(i 

filarrti*, Ht Iff**/- 1 71 /»|« 



Hit, t*« Vmaaf** 
f*il. fe* .vta* >*m !*•: 
H*t**t*ii/, 



tart I. Mfit L»* M l*. M|»n 
. CfeMt-HlY. 



no 



t*M*r, i. t. rat *. lamtt 

IHI. r* r*-arr»aRl*-i at ferfefel fa^oati# t» AHlftmtl* la tH 
htu'r l’4t. ACHfniKH tif*a* f»ltHM Mlfar* Cm- 
frffect. Pw lf*l. HtH ItMarrrt feMfefH iHitlit*. 
M|*f f ittdlt*. 11 »h« iHlMJ) 




«*<!, H H 

1944. Fin Ip tt*l fc* *• kjfte-ij-alsalRw* rtljrKn kF •*lf«r« 

Fayac ^rinMil n 91 r 1 1 i e« II. Veil Kite** *• 

l*«ri'l. %ew Of Intiliw, RereHef t2, IHI. >2 9«|*«- 

A-OJl-F'). 

It*, l. I. ini V- I. IftOW 

1910. Hteoralaflcal i*4 Iren. |kt fa talltM • !**» 

Utlm la Re* ASRt/AfOt ttraia FelJrtla* Oetrsnl 

Cn«rirHKr. J<rfM 1H9, AMflcti locirty deck. U|ii, Ml. 
49-910-J. * Fi|tl. U-OOJ-RJ). 

Itrmvt, ». I. ini I. 9nU»o« 

1949. T\* \>t 111 ut la* rf a clan af »l»ar J* ratten 9r«k!**a *F 

tka «.«« af swltlnrlaVla HatrlV.tH faraftttar taairal 
tkaarj, AW/alOl terns Ml«tlt« UitfMtt Caafitasca, 

J«aa 1949* iMrlcia lot. deck. tsfri. Ml. 19-flR-l, 

» Ml*t (4-01 MUJ. 

T ic liar* , 4. J., >. J. Firlli eft4 I. OiiWi** 

1999- 0»tl*jiit(e« af a clan af llvar *e rat las f faRlrsa k; lla 
wit af SwltlcirWVI* liatilletH IMUral tk**rj. 

Vatat Mwaftai btiard Jwea 1919, 94411 HMD. 

(A-OIF-W). 

laffif* 9. J. a#J J. f. Hsl-t 

1941. Cant 1 iVat I as af ^tM/itHlIt ra a* rail os la l*»il near- 
atlas af tka Funic lletr. Aidt/»ICkt tin as Fallwtlas 
Uaicant Caariritti, Mi 1949. lanital . Hack. fcr>|ta. 
9w»l. |9*F 10- 1 1 , M >«t«a (1-010-AJ). 

*1991 *. h., if* 

IHI (a| F 1 *®4 c astral 9*1 Icy H ( 1 ao4 uuirtnt. litintaie 
CWinte* m Vital Ftiklna, lor Orlai&a, U., Oct. 

1944, CmwII af ftiti Caeerasasti, |4 f*I*i- (A-OU-RJ). 

1944. (k) OyllM ItnttMai la attactaril flwf caattal. ieataal 

at tM Pririallca WOilas. HO. ti lKt-KI). 

(A-014-VJ) 

»*., If 

IHI. fHtrr^ahtaa araa aatu rnwrea FtHlna. Fr«Mtt|i at 
tW fnftk latnl Kaattag af tk* Merle as Fitif latnttai 
tiwlit t h . In lari, Rnialft 11-12, 19fl, HI 11 D-H. 

<MlFlii «h., .♦», 

1H9. t a > ittlit* ii ■ inr^Kf far ai!*r la satit raaawtca 
»vl ill. UtlMtiiH trcaotltt, 1H9, f»|«l 
.*• ill. U-014-WJ 

1941, Of *ce**ste# af flMf mtllct. Fiftf Ffam.N at 

Ar*» r »f»t ttrns 9a))*tlrs .safe trace, 

twtftr* ttlntiltf, Ma IHI, «*t*» Fcinttn laatltata, 
14 MO'- U-OU-RJ 140MD 

1H9. (c| Optislilpg laweitsaar It flac4 cntnl li*f ties! flail 

frelf Vatlt b«mdi IcHItck. tl FflH. (A-OH-RJ). 

»i|(>fV, •!., ft., 1*4 4. tnrn 

141. fstge* H acaa-alc ftrvlk U tka RlllataSt tj*a*. 

L94'*l(>t HtfM Fillet tos fStltni Caafctnct, M» 1H9, 
F.tfrti 'rltinltf, tsf^rt W. Hack, tfri.i Ml. 19* 
tl>-4. I FM«*. (I-OOI-V1I. 

Staple, ta., /*., 4. t. (Snt • r , • WrlH<a. 9. hhut iM On fa 

|V». InircM aetitlas af f cl l*e M llntr. Vitar Ictortitt 

IfMird iMtltata, Ht|fti tmfaataltf. f»t*t • 1 1 1 * 1H 



tariii 

W-ekScI, ». j. 

iHf. tSa i|t(p<a acn>m*M f-'llef 'H * «!•*■ at ItitrlMlI 

C mtrt tfttri. rsfaHliV# loctarat fdamnl#, 

4 * r a Mfcrittf, »n t.l. |7J 9 * 4*1 - 

fetd, fVInr^ 

14*. la niifiii af t*a tnataaat t»4 HM|m rmttafeaati tar 
tk# (VaKtl inHttrf it M Jirnf. Nr^ltfM Hitat'i 
tViti, M|rti Cstmitif. H* Iraa^cl, Hr Jtntf. M 
*Hfi 1l-0tl-RJ 1*4 4410-tJl. 



Ti UK* 



f>) Fial Kt too if c r or >till* ftos 'aJeiLtr a*4 UlUJlF 
af 1 r « 1 1 at l os attar. A«rltalt*r«| UfMlsart Etatlaa, 

Jew MiU* Itata Hirer. Itp, Hllill* *a. 40. ll 
FU««. U-004-JMJ). 

Ore |f a , W. I. iM J. r. AarftriNi 

1941. Irrlfakla li%4 la Cwtrr A«rlcwliarjl Ufcrlani 

ftatlaa. In fWalca Itata taJrtriHf, Icaairck Scfatt Va. 

149. I !■!'■. (4-0U-»tU). 

truw, «. t. Inf a. J. Mil 

1949. Rajar J*»4 caixcct arm la h* dialer. * 4 »lcalt*»il tin 1 1 - 
icat Icatlaa, In daatca Itata Htwitalif, laiiJcct Icfct* 

Vo. lO. ) |i|«a. U‘^1*M3). 

Inin , tlfn C . 

1941. the fat.ra 1 1 t4ia*f^. Ol1|atlMt ■ niM at lnlr| 
aatar. af tW FawtiaaM UMl Hr Kulti 

Vat ir Cosfaraaci, Rarck JNH. 1949, Rea diklcr Hat# 
Hlnritlf. U-OOi-iam). 

H|Sai. VlHlaa <. 

1911. UtiMlr fan 141 11 tf af !acriii 1 «t Facaa Fails aiiaf 

tkrawtk rafwcllas af anMrattas uf niFfttniFlritiM. 

Rew Rrttcs Itata Hlttnilf tacMlcil bttittk lifift, 
lertabt rni. M 9 * 1 * 1 . (k-004-»«aj . 

Ray • r 1 , Vlillas I. aa4 I. C. Vllllana 

1941. TVraa t«|lMi at flaw fras as arillci li • i4-»*»(ki Iril- 
lit las. fin r 9 r*»*«t *4 it ike lti!|iiias nf Inluia 
» 1 <tilcs Ifecuitf (otfirmt, PWnli, JUrlieSJ, fcrnMt 11, 
1944. U-O04-FWJ1). 

9al Ittta , F.« R. CokMa nf 9. tsltk 

1141. teseycos* tSaraal |r«f. Hfirtsest at drckailcil Utlsterlif, 
In Rci Lei Itata •ktairtlt?. 9it|isss Fttil, flint 1), 

M«at HI-241. U- 0 lV-*ttx). 

lyerca, I. I- 

1944. (a) UtrefM rcmil fits tatatil satin, tsflrwartsc 

bnr l**tt Itaitia, Re* Hilca Itata MttriU}, 
f Kkslcal Ii 9 *rt 4|. >4 91411 . (A-#l9-»*t). 

Ci) R-twVi atyfevatias fir aeasosUal aat*tatlas if tlik 
katekary n<ir. traiaact lira af tke As* Mm FlakerUi 
Ircla'F. fa trial. U-90-*«>. 

Itself, I. I. (U'ltert) 

1941. Fww« treat V Amnt *rw diln vital t«sfirr*ca. vatu 

(unreal Itaiarct laitltata, Res daalca Itata ValTerilty. 

D) F*r*i • .t-m-Hi). 

vuilasa, I. f 

IHI. Fwtan af iw9*w»f K* trrl|itliST Uflnnet as r*t I as ylalla 
inf faslltp. Fratrrflaf* *M Fasmaatk FsdsS l Res Hites 
Saiar Oosfcrasca, Rarck 27-21, 1941. Res Fteatca Itata 
(tlftnltf, Ui tracil. U“0O4-«A). 

rseaea 

lentil, PwMI •lint 

IHF. f>a affect! at aatar (urtseia as tts atf* l4*Hl tt*ftr»»*ri 
et tkr irM isfltt Orosn tr*a»l,I»l 7. r* 9 »l 1 li>ef 1 . 1 . 
flaaartttles. llilefy N 9 »rt*eH, Res dnlca Itata Hirer- 
aity. ll 914*4 

Fere • , tr a*l > 

1941. FrefletlM if aalflca flKkarja a- 4 kaal Ini urns l Mil 
Itasam tenlul 9 *rfrrirai 9194 . Pnf-411 lakef R 9 . 4ia- 

aartatlos. AfHesltrtt! Feftaearlef Rfirtsit, Rer Rrilrs 
Inti OilnriUf. 49914 * 1 . U-0C4-K1). 

T#jl*r. bJrti F. 

IHF. Ce^kyf r» tef 1 c trr*ati|*il»-a la t»e Halil* t*ll-f, He 
Role*. Cr^wkltakeO R I 41a .art at tss. Urtk Use 
9*»a? rant , Res Hales llita f*!*er* 1 C 9 , ley t*sket <Hf. 

Ill 9**r t - U-M Ml), 



ta tot « 

Mlkitlstl 
Catlaes, f. 4. 

1941. lift ml #**t> fa tH !irf**t*s»k lit*. M tart Casaarrt- 
tiMirt ikutfmi . (A-tn-m. 



mi, Irtt|rt1» lasO ta Waartlt Castj. Hrltsltsrvl UmtIsssA 
III: |ps. Res HefM Hit* tstr*T*ltf . Umrtt k^etl H. 119 
U 9*9*4 • 

4 art*. *al>k 

f« 4 Hssr Itrt ter *ftF MHrH lull ftssMa# - ra Mljtli 
<4 nr Fkm llwet leal*. Res Hrlr* dfirtMl ef It#- 
anti, (Mrs nit* *4 Hs Hstra, trdatnl Re*«srrt Mst, 

H* IH4 I4F 9*4*4 (Mil Wl. 



Rr*«sr. I t. 

tH9. fal trtltntos sat** rwslire *s4 rt* W*rtlf*| ret*trassst 
Rftlralrsr it fryer tsrst Hat las. Res Hales ItRt 
dinnfn . Hitatta H M. IF f-'fH O-HJ-itl). 



Lariats, (. I. at at. 

1H9. b«*Ktt*lir k»4 a tw»e»rf Reset |1«4 *s t*nft Irta. 
RsrkSti. ttVar*. Res trrt. (M’l-fn, 

tiff**, ». •. at •!. 

1949. fa) Cmtll at lest tan are tkars*: sallwt las af tafs«s Lrta 
4* Flrnrf Htlnt fessr I t. Cesaa r > tt laafat 

.«>. P-*U-»T>. 

( 1 ) Nrdl felUtlar af Cirsi tart If • 9 S af e sal fesst 
First. MWn. TtHei, f t. 

fano. J • 

IHI. tf fee 1 1 H Isr Art Isa tMfaratart as »*rrf«4l af laffrsesrt 
Van tff* Freft* Flrt-Ulr. HO>:llMtl. 
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O 

ERLC 



ft. f. iW I , 

i*if. Cf vvth . r ii 4 vittalar rliMi at 

fi'lariM •"trim lartla. TirMMi. Intaro, far. ll**l> 
t r-. it » (Hii-rt). 

Nr*r , c|r«a i . 

' H * . a flail tavatt 1 1 a i IM af Lr|fcla tln-ilillMa. Imtal* 

If 41 1 IM m Craal Lakaa Iraoartfc, lataa- 

national ftaaeclatlra far r f ra* Lak*t la a* art Ik. la praai. 
(ft-OlS-irr). 

V<*u t JeM t. a rU MmIi LaaiMr| 

HO. Sit entrmra Mat iM oovtft *Mra af Uk# Oitarla. 

Ii xraflr*a. IM f^farmi M Craat Lakaa taaaarcfc, 

[•< traat l«*jl UaKlallH fta Caaat Lakaa laaaartL. la 
|riaa fl-Oli-rr) 

Lrtlt Juki ft . . t’au I. **tfi Mm 14 flmrli * 6 * til< C. fellftar 
lHa Oa tS artkttlM af L#H*o |r •** (Mir tali la 

tp || loolo* »• I a lag. tlM«|. ftfeaaa. !*:•*>-)*). (*-*L5-NT) . 

Itavart, lawll 

I HI. fa) Si +4 attar atHitloi. fmHfla|l af »W | ( | jUa«l 
%ril<l rf t\a lav Trrt*#« Jataajr llrttloa, Aiutlitiia 
af /Mrltn Caotf a*Mta . (ft-tl5*RTV. 

Ol TMimI ltitkir|l ftia todnt flMU aW lllitif 

otatMr ao*i f (cat lea. rrocaaftk**' HO Co*fara*i ** 
Craat lain lataarck. IttirutlaM) Ajaoalatloa fat 
Caaat toloa lata arc*, la Ttni. 

N«M 

IWanMIara, t . ft. 

lHft. tffrct af i v»* at T m tr**rat*ra a* mrtallty af oMryoa *f 
tS 1 atfroevt ft 1*01 Mttt^unj MlifUtl OLot ♦*♦*•) . N.f. 
TVrata. CcrM'il tol**T »llp . 5-RI > ■ 

Mlrr, I. C. 

INI. Mr rival af lar|t«rtk kial nktffl at In fiaaalro* toy*** 
toncottr at lent . 1.1. IVtla, C*ml) Wntallj. 

fratir, Caeffrty 

iHl , N a< C+C+ 1 c rmikllltf af atfaallH *«|*liftl* 

ytrfrc l \es rltft wrf 1 ***»tal ltrt«allM aloe* t taloctt* 
toywot af tS Nrr Tati ftatl feff* Canal. H I. TMata. 
Ccanall fetnrilty. (A-Hl-fT). 

tartar . IcMtt . h . 

tM, Mlniira -I a li^aaif fmrfrti fat Ictaratil-f tS 
^tinrhl fM-ifMStlt *ro*oct l*tty of Mtrtal mm 
tM raataratat ifMronta N.*. TMtia, Cotooll rMoaraltp. 

(Mii-n). 

* «t, 1 . 

*44 . foe* Mitt - •( lit|**r*tk Wn. Mcmtirn aitmlfai . 
Utafrfa, .ca ti t Vraa Caraall tttmaUf n.|. 

fM«1i, Ccmtll felrotally. |lfy«*ta. U-lll-fY). 

fair 1 1 , HtStl *’a* 

INI. ftlirifta raa.'Til fnk *ttttnt*«ly teilIMff tnlttllH 

act Ira t»f tW|i »ltt if Icatlrv H arnttHlc filttt latltri* 
ficotloa. t.l. fMil*. Mratll fel*ar»l«f. fl lU-fll- 

fc-tHa*| *. I. 

fNl, tW t* 1 at laa cf Iv4itl«a ta«H?s» .ca «i IV kmilltf of 

rril Hfryfi M. 1VM», {af«ll Hmnltf. «1 IH« 
U-HI-tl). 



tom cucutt 

tala, *irMa1 

IHl. fa) • foyllrlt aitM fat anatlul I laef taatti|, fetar 
fea o fe et* irototc*. Cft-Hi-NC). 

IHl. ft) feyllcatlaet af tVt i y« t lata af aMtnfy floor la at tat 
roovrfrr*. frarafl^i af ftvirl ftUilralffl Stir 

Ca»firmi. Wf, Itata Collry*. Vai., pafti 
1*5-11) U-0*1-«C1. 

1*0 . {«) laflkfl flaaf trot In* la Mtotal rknaila Sttt 

laimrtl taafrmrt. UCt. fa *r*a*. U4ll-fC). 

1*0. (4) teraaof 1 »<v roo*l*t ait* op*l lOtlo^a »* featft Carol laa 

rtnti. fepett fc. IT* kill, tS feta crafty if fert* 
Carotin*. H ft** tf-W R|. 

!.*.««•). 

INI. tntm Minus anatyti* ta fetrt mntrH 

rnr n 1 Srtl«|. Marie ta fee la at felrtf, Ma IMI. Sfi «l . 

ftrraa. ft Mar* I. 

IHl. Mu kftlnlrr, Mtl •* rat t tlat n a t iM tmrt ftahatba. 
frit******* af ferttn •»*♦, tar. aa4 hlhtln 

Caatral Calantn, I t. trat* Shattlt) at ialtltffc. kftll 
OH. fta frnt (l-fMO. 

C aryw tt, *. I. 

t*U « (HI*. ItttaaniN l!|tl Mwm. Ufeliftl H Mna 



NrUlt, Jotia I. iff < C (rtafarl 

IHl. Him kU flat H *a ratair;. Iclaaca. 1)|:IUMIH. 

(l-OOi-K). 

IL'vrila. ftivlf I. (Ultar) 

Oil. fir itlliii. InfMlia a* ftattii rim aaf irwaf ilialtll far 
•aall i i aa . r Min la taiti Carallaa. ftaftart Na. Of Wit. 
rsa feint it '.ft af Natfe Catallu. II) 

Neva III, Mali f. (Ultar) 

IHl. Vatar f*«meha ran »ik Ulacalia la tha aaalel talla|ia 

• H nMlllllai af kttk CuillM taftad *•- I (tarliH) 
Wll. TSa felvarat.f at Srtk Carallaa. It ftaf aa . 

■onlla. feall «. (Ultar) 

Ito. ImatHf af art I -a wrf taaarfeaa ninrtk f rajac 11 fa 

feati CarallM. fta «r t Na. « (rrriaa*) Wll. TM feiraralt/ 
if Norti Carallaa 

ftaiMf , ft. I. 

Hit. Itnk n tar tataefaca la caaatal imafntat kialu. 

Haaatraa ftaaarlattaa lataraattaaal* hi l*fra». 

(mi *11. fealM flilukal, fmtiflitt, taiaraai taaal 
JUiattitlaa af *rfr»t«alaf tita . talma i. ftaftaft HHH. 

'A-OOl-NC). 

ftaaSaf, ft. I. 

IHft. Itf f«a|aa ft M fliftrralaa la fta tan aHla. fta^att Nr. 11* 
nil, IM felranltft af Not t ft Carallaa. laftt. 1*0. IO 

nr*- U-»oi*»c). 

tally, ft. ft. 

1*0. Il«ant la* I tat aa* mlrwanttl at ft** atraia. ftaH*» fe- 
ll. Mil, TM feiraraltf at Nottft CarallM. H *a|aa. 
U-OJ-NC). 

Unt|Ml, CKarlia I. 

IHl. Taatlla wataa — ft ft I* ties rip* f , ft# port Na. II, Hit* TM 
feiraraltf *f Nartft CarallM. ff at n M nf ) 

\ m \>, 1 . ft. 

Hi*, fta a cftaaa l i«4 *1 ara|# a* ratar ta Nartft CarallM »alla 
to* (M rala af tM tall la lrtaralat*s *»tar frailty. 
ftay*\ t No. la. All, rsa feiraraltf af Nottft CarallM, 

Ml IHl. «)>■!««. U 00« K|. 

Sftalla, ft. ft . N. I. Co4 k«4 » ft. tnrt 

1H*. Htat raaoorcaa af fettft CarallM: ta Imttitf *f lafar* 
nltn an* fiti. Ityati fe- <1, Oil. TM PilntlU) *f 
tortft Catalina. yafia. (ft 

Heart. fe»t* l. 

IH*. ft Half as* 1 aVac at ary ato*y aft (laNlft tftiki fry ryatara. 
Iifnt fe. M, Oil. tM fetraratty al Nottft Catalina. I) 
Hftaa* U-ftJO-acl ■ 

•'fella, C. I. 

1*0. CTritMtlM al IrM (ID la mt Inocvt r I act or I . Iryotl fe. 
n. mi, TM falrataity of fert* CarallM. 5) ftH**- 
n-W-ftt). 

ft rev*, l. N a** ft. f (N*t a 

IH*. taro* »arla1 yMtrt r **Nli latatyrattt lo* an* art 

yriMty yrofeetlrity of a rafrlarlf lloo*o* fettft CarallM 

• alt Mt a*, toy*** fe* 1*. Hit, IM felrartity af fertft 
fatal |M. M *■«•! (ft-Mi-NC). 

(ran r, # 9., 1. Sett an* 9. ft Irtrat 

IHl. Ifftcra o. Wttn arftatrati m tM fttoclloft rat ar fttratra 

lanlt taftiiu . CMiapaHa lcl.« •rlH-HI. (****-*). 

felta. Oat lot I. 

IH*. blatlr# of yVsyMttt It fatraylteltlil. feaval fetlaf 
Jkoarlra* fettt Hrti ft««otlatioo. fey IH*. la h***- 
fl-CH-R). 

fervy, CMtW* ». 

IH*. Ctntfeiit fltlli la tM blilft feott fe. I, 

Alt, M Comralty of fettft Carol tM- *1 *a*a*- Cft-AOf-NC), 

fetal 
Tom. t. ft. 

ml. Stkrtatictl nlrilaa of tM tfelati *fntl** at mataaty 
flea la tyn cSamala. H I. tftaoia. fe* * Cfril fet., 

I t. Ititt felrartity at laltlfft. HI fe* 

featMra, ft. t. 

IH*. felt aa ta* Ittmln la roaatal at^fm « I tMata. 

feat o* Ctrl l trft , 1C fttaca felrartity at ta1al*ft. til 
Hfaa. fk-flf-Nt). 



IHl. ftM af facta af ffortlfe aa tM ftlaa eta*. HI fetH 
Aft. •* feainft* < feat* felt Hsrty at tiHiftk. ftl 
Mt** tl-ife-NC>. 

•coat . 1 . *. 

IH*. hlatN a* WiileUn fra .iay a until a aa a fooctioi 0 * 
fell fefttor-a. I T. fettl. Wtl felaaca, 9.C^ 

ft ota feiraratty at ftaiat**. II ya*oa t»*(9-ftl. 
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life**, l. * 

IH*. Celot-lrft it *4 aerial tMc(iarM( Inlerpntet In arft Ml 
p* I ** i <f preftwii |«l t? tf • r#tel*flp fl*efif Pont (inline 
Mil F . ♦ . 1 > 4 *n. >*!■ »f kill;, »■ (. fia!# 

lalvenUp • i M |i|M, ( 1 * 00 )- K > • 



Paterae*, J*a L, 

1 til . A Half if «* atflMla ef Mri^aatM* »f«t‘ taketa, M. 
theata. Bent PaWia Itata V* l«r n 1 1 r * 1*)p»f«a. 

U-tOJ-AtAA). 



Flag, J. e 

IM- Oiriirillai • I ire* fir) I* • tort I r*a 0 M« (|e« caattar. M 
t>»ela. bepi . pt tip. {<, I lepr., OalmaUr if Bcrtt 
Car *1 Im at CMpel Hll. II M«aa. (A-01)*PC>. 



Hint*. VUKMi * m _ 

1H4 • let arlrftvatrf min* 1 af the b*»lla tala. Port! t«kM«, 
liHi ini. M. IliiSl- Peril telala Itaia l'il*inllf, 
il M|M. (P-OO)'BWJ). 






Uhtal le»| 

leml, ImiU, Dene I a Jeeea an j fieea I. tittaaaa 
I Hi . ftrilleleerp aaielia cf • nW| *f the t klerlut ( o*- 4 *ire 4 it lea 
af mu actl anf relate* inlitiMM eenr-periNcai lea 

t«Wlt (eat » af ftnntea af Pater. Air, aW Paata 

Otalaira, iMtUM Chemical Pedal?, Alitalia Clip, Pee 
Jpt»pj. ia praii. (A-dl-CMl). 

C*iMata, Alia I. 

1HI. Aa IHatlralM lap af Petti Batata «*«••! a. Oeteeraltp at 
•ml ealtd feet l fata »f kilatlcal ItWIaf. 1« praaf. 

(A-OD-BBU). 

Pma|iifl. t. A - , I. (met, a «4 l. I. taaf 

IHl. Tit *te*o*l< tail af tie MtllMea, Peril Betel*, traf* aria, 
fitkallatll ttiM*l(« li|att< I* plan. 11 -flOMMi). 

tartaf aarl, t A , L. I- Ini, in! I. t. ftartet 
IH*. Inject tea af IM tepact ** a lecel ttaoctj af raaeattl 
Imlspaiat. Aitlultanl Uatoaica lipan • fa frill. 
(l-OOi-KMIJ . 



Ilea. 

IHft. 



Dr-.li frtrai 

t>f r »l J *4 HIM ); a*e af a aloe <»nl filter. M. *Ua|a. 
Peril Ntaia Itata Pamtittf. W >*!*•■ (A- 001 -BMA). 



0*10 



l»» Untie*! 

f>txa, I. ft. 

1H«. ta P ha lty rmilaa ta *itir rat<*rc*i pr*tl**a la lalatta* 
ta tf hMiillip if Wlalaf « lotltlafltil 

Aapactl •? Pam fteaeetcei lanittl, Oral Itata PaintaUy. 
fl|it it-M. 1^0U-0*W1. 

OUti, I. *. laJ C. A. BaaOect 

1*11 . tmtii ftritilty af *#<ril*v'tii%ratia la (»a pellet*! 
imatiMri af »va Iclrta Hear la Ceatral <Mi> CM* 
Mrail *f klett*. Ta ftril*. (I-OOO-OPIO). 

Iftatat, ft. ft., ft. ft. P(aa • *! 1. t. fraa 

1HI. At if da far aiper at le* mi aaealMtle* at elctceceplc free* 
Kna ia %atat *M tie ta auntie eicrctlere 

(et*1c act ) . t rei**4l*«a, li#T*Mt Ceaferem. Ctaat Ulaa 
•a. nr cl ftt 4 *a W-)l. U-00t^lW <«f l-OD-COJO). 



•ermnrl, 1. a ., t. >. ta*i, mi i. 1. Intel 

IM. IU applfratla* ef r*|ni« 1 #a eW l«?*t-c*tft*t aria in fa *• 
laract Petit Beketa A|tSr«lt*ral Lxpertreii ftte- 

t la* ft«l lei ia fa pteta. d-OOlKAl). 

Bela, P- *. ml ). », IMeri 

IM. {aft DrnlcfatH af hen t^mon petilatlma at pm 1 * 
talft* tec te ,a la rrvtje lajml. AMttect la 
lactetlel epical ftre<**ftf*fi , pt{i It. (A- Oll-eteA) . 

IHft (II P* -a te**eai sf Irtirefrurm f<f»lnlr*i •( fMjlr 

mIIm kactirf a la tnip lapse*!. Atntact ta Perti 
Mrtl Ac » irt> at kitece frrcHdrpi. la ptrai- 
fol. 1). (*-fl1-*^l. 

IHft. ft) itttlaatlaa if eetetratea If ft*rpl* aalfai tectella la 
4 amfe la|»e* Oairacl t* let tea !«l*tt til t rac rat* 
lap*. $H» I* (A-01*-***) 

IHI. ft) mitntlea af aPiiMtll If a»r*l« aalfa* lactetla fa 
a «Mtr arlfKt le Petti Palate Artletf a# 

Iclratt fiisctiitit. ta prate. Pel. I*. (Mlf-HWJ. 

Ktn, ft t. a*t i. A. ftrtetia 

■ HI Ipr fc*i |rcail at ftllft ff ftl *• tele AeliaWU. Petti 

Iritfl Aileti af felted ta ftrlftl. Pal. H.U-fU'SAl) 

•■*,*. fa* ftatdlM, H A- ■. tMN i 

1*14. tetfiael t*#eerrlel e *4 ft^eaallc eeat* vtramM la wane 
arallllfatle* a-faen*. JPat-aal »Kf, a#:)t 4 «)l). (1-111- 



ftftatat, ft. P. , ft. ft. K|ii ill I. 1. I re a 
m#. firtUilitt fndlna le rater i«l lU raiilleeeMp te 
Mutn Ilcrdleia. frKaHlifa, llanetl Ceafarrx*. 

Cent Lain legal re*, ftijn lll-lJ*. (A *0(4-0*10 nil 
ft-OlKC 410 ). 

Ull. A. t. 

llil Itacnl *f tret* **tala »r fit* atfiretle* rrecatut- 
, terrlrat Pint Pstla AaaMlatle* Palea* PO, 

P^e«t u fti|n (A-on-oPioj. 

lefla. »■ I. 1*1 P. I taftf 

l««f. fee* aefiretiea e« f**A (It) *UI *94tm leetfl lalfite. 
AeelftKil Oeeintp. te ftreaa. (A-ftl ft-ctie). 

tiMl I. I. H «. P. kit! 

IM. Kaatllf Uriel le* la pPeafttata «*4 ftitetH tPe*ltaU 

la in* Itllenl la lit talaaJ Art a *1 Lake till, IHMft, 
tlti tt(trnd te tHflu tallenift *• IM, IM), eV IH*. 
ftKttllM, MKlI C®erar**c# ia Cteil Ulea fteteartl. 
le etna. (A-OOft-OPIO). 

tee let, t. ft. e*ft I. ft. Utm 

IHft. Ce^hdit atiMt far tt*e* 1 **t »wlr*l» ef *ata r-t*Vl » 

*t«t Ter i . Pattt fteae»r«te# leaeartk Pale** ), P*HI I, 

pete* 111*111. (ft-ooa-oafo). 

hvwi , a . •. 

IM. ft r 1 1 *t tea r ^4 p*T*te irf1tiea«f. Mtdl eT ftelltlcel 

(rearer. Ta pm*. (I *fll- 0 *M). 



ftetatia, HU J. e-u ' fell 

iHf. ft lean ptr^acift* ml iVilrit ml p%r*itet tlincltrliiUi 
if tell Mtahla lartrnlf, Petti Peleta. ftteceeftlat* ef 
tit Be til Mtta Pc tirtf ef lelencl. fa ptm - tiN* M. 
(A-Hl-PMA). 



lH*ai 



IHl! Applicatlo* a* t'e ImM PetataUft Wtl te tie CeaUcte* 
Mr»1ilt fttetlo* tete. * ». Nall •'ta ftata 

PalnteU f . (*-0Cl-raK>) . 



Heir, ceetf* 1 -- ft * ftrtltr, Peiat 1 . |i.»M, Ml *. V. ftrAnaa 

1*.#. irteteeat ef Uef r*nl# mi* want fee ftetiMt teeae. 
i .ecetftac*. IHl Plate* ftraU"|, P»rU*» knletp af 
ptlrelraral C*«lftetre. ta pttn . (A- 001 -PftaJU . 

nelj/, Perel* J. 

1 1*4 N «m «f ffitiu 04 fti fat |r*aal *ai*r i * der I* . H«ra*l 

ef iK lerricn Pa’er HtU Aetcx la in* t« pteea . 
U-OOft-ANVl. 

Mett, * P rH I t freterli 

(HI. 4 .letitlct, alcrEki ml teial^ peele. Oftla'il lelltin 
ef mu Battle **CC, Hf*):U>U. Cft-OlO-ltMA). 

a ''A rt ar«. BrUl P. 

«M, fee ten a^fmttf tMrplHrM frr* iuf * *e t itl trtUteMlt 
ta a tfpMp *i ttri! i*4i BelHlctft arrtkm ptelrl* left* 

14 0 . tteaia p»t«erattp ef Br-ttP BAnt (i-#|e«n*). 

ter* l. 

IHft MitftMi«. ft*** H Ufa Hilary eft tipet M Cftaftn la 
ftrdt. u»*. Beil Patna * ft. tViia. Patearelty ef 
1M1 OOtcea (i-il-Ml 

Hi*. P * 

tHf. •* **ei >4 1 r ttafi *ft a* r**t leaf eft rtfftrtfea Ut«B reetafe- 
(4 Wft *rpa ! n fa*a rf prrpla nifir ftartrrla Pt 0. 
tteaie. 4 tmi(n <4 Betti trlrtl IH pef*a . 



IHft. MHcallra ef tt* lta*fet# lirieaftt** llnliiln Brft-l ta 
***11 Itrlnlitri! humMi *t CWtottea, »>. ft ■> 
Nate. N Me fiat* fttUnitf. (MOt-OWJ 

Crallej, t. ft. 

1HI. >1 «f fact eft part it lei n tt* pWl af eitmeft Mi»Mf 
«*t«». M tUal*. tte Bit Mia Otleprtltf. (A-000- 
0PM erft 

tbpret, ft. f. 

, HI TV lafl er-<a ef le J att tmtaM e* it* tytrel^f W 

mil eatenuf# *1 temerm, otf« P I tt*ai*. 

tv* c*ie ftai# Oamrtlrf - fp-ftt-ft-OOIM. 

pear*, ft. ft. 

tv t. te*ee*a1 tk^ti ft e*m*tt‘. In*, nf t*rVea eetenl^ 
t* IS* Mm *eff*raii, **a» ftettlemP* tele**, I* 

Ptetera U»a trie. 1*« tf I HI . ft* I fveal*. It* Ale 
•let# fllmtltf, H - 000 - 0 * 10 ). 

H3 ^TJiare*l ef r u^**n fra* «r*t** *lt* fetrm talfat* 

• ft Heel*, ft# «M4 Inn OWeetaltp. fi-OU SOOOft. 

1HI ftoeif aftOar et lea el a etrlp-*!n* itO» tru fee ftffr*l«|lt 

ft***Hff*tlc*# p ft Ml*. IH »l# hue Mmnty. 

(t-jfMmt. 
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IM*. ;»K| c. I . **4 A I Is* M. P^-t. Ja . 

OO. txMlpia* «f rtjv^eas *<wiv* tfci«rile i»l*tiwM ftc# li t« 

IV/. feollaet Ue. »•!*•* \. »«!«• 05-111* (A*C1 P-C* L* ) ■ 

Pevllac*. J. P*., 1. S. It^tva, P. I. I|||i»l| af*4 W. I Ltlv* 

IH1, ri*U ti^ hi af act I vatar piepaulia. Vat at 

lat<Ki<"i laaaarcfc. la piaaa. (HIKtU). 

c«Hf, I. f., Jr. , *. Pjtanatliia, P. T. fan inJ I. f. DtCnri 

IHf. 1 1 *4! a a o* it* aptraUanel rtaMIltp ef t>« aatoaltf urn t e* 
rratiaa. hun<l^|a, HHH ^IiSom l^«atrlal Wall C**- 
trrrfKf, rtliM* Itala Olnialt;. Itlllvaita, lUrek H* 

April I. 1H». (*-01)-<*U|. 

UaanaOM, H. , A* t. Cr«<r, It,, W V. b|tkil^i 

1H4. ba^MHi i*l tatr^rf iiiiIIm #rtl«atel iM|i ta ^«inlti' 
lire iS« l leaf*. Fr»<**4ino • 1*0 OSJsIwVl lafvitrta) 

Vaita Coeftrerxe, niatw^a bill Mlaaraltf, ftlliaatar. 
(A-VO-OtU). 

fare* I r« , J*M K. iM J*f*r I. tart** 

1*0. Tsa ipftaetlca *f aa mmi* 4 fattra Irflftlle* spate* all* 
mlirtalaf alb ««1r ratlin. fapsr prtitaial il tVa ISJ 
Amu) Pill^ af lb barlcn Iniil/ a( A|rt<*!i«ril 
b|lMir». Ufspatts, lfrliaM. J^t 1HP. U-A15-CKU). 



tt as?i 

b|tbl4M, Vital 

IHP. barocna rf iitibi! aarellaa utlnul a!»f|t la i«aailti> 
lira i^otl teala. hi.l. TMali. Pal **t a ity af dltVM, 
lilll«at*r< (A-fli ) -caxA) . 

lalrastar, P, 

1HI. C<m«ltr atrulitl if MatMt aacralauriflfilil (a talalH 
tt t «rV 1 41 1 1 la fata panla. fa. I. TMala. Vslaarattp af 
fail Itrafir. (A-tO-CCLO. 

fwlta, JiU v. 

IPtP. Pplravl 1 1 a rf a *14* r» I r Irrljttla* if air*. 

pa.>. IlMirtat]**, Ajrlnttetel |r|t rvtrr lag tdpuiuM, 

Oa leV* » $i #i* Portrait; . (A-01 J-<*LA ) . 

tang, fit|‘Tl 

190. It ail ta .-a tM opttatlctwa) ataVMltp af tM aaiaafrl laratlc* 
ft re* t a . rvi. tVala, r*>lre r altp af OlaM**, Itlllmtat. 
(» 41 f-C«0) . 









l c 

IHP. wl t marllcr **4it |< it far* . fltitatH ai Tnbiul 

f r*t V. f l-lll at A'^aul fW(tlr| *f Au iloa Satin? af 
A;r leal tarsi L^ir-ctr* , p*-#** r«t**<(lt?. 2 ms iHf. 

kti:ltf, l. I a*4 I. Hrrtj 

IPO. la* ratal I ^ aatta k‘iaa #a art at la flatta: la faciawt 

I'atflrntlrt rafittlalrt. klrttt M ill, la. 2. |a|ra I * 

?♦. mi * S tfiivti h Kllatii fa l AranlatlN frawran 
r rims f* ui. o«h-<*d. 

fat, tlnl *. 

1*0. 'amh a at Spatial iHtlltl «*f ait tiflnM, lltifa, aal 
tatfiti l*^»r»t*r»a rf faftatt. Jeanrtl af ApfHtl Mt*«f 
airy?, la fttu. (• ;VI-<*I). 

1kf|, r. C, inf mull I. Mart 

I PM. It) C»1 tat*) pMrallas aal It a '■rllcatla*? fat UatailN. 

Ur il lia*l lrof#r*Mp. la pfaaa. (P-Tll -Otf ) . 

1*0. (I) Cettiral twlitti rrvl rfKitlaaal aloptatlM* latal 

tJatllinil Mitral Ift <Vaf|la| Irttlrt. Uatll IimI 
faritlt* !• Iran. 

IJl’yiut. faiat f. 

IPO. Sranlry M atractani fat l**a Iwtl Mass llttr. btrr 
frarataaa katarrt Iwatltet*. ©a**«a ban Mnrllt?. 

M f»|i«. Il-W-OM). 

IIM, I. f., I. ktrna rtf I. V. btaclrt 

1*0. fita tip l*atri>»OwM a* am«rtf k? tki aatrrry 'aiMlrt 
*w tW rf tk«ir art la ?nflttl«| ftmaUltt?. Pell ftetavee 
lariat? af la* tic* ftKarfl*tl SHl|:U‘l). fl-fU-CIl), 

IcrtP, A., I, batm i «M t. I. brku 

im, ft fart l rf petrtN* *«1rt M «att aim twitat •**! Mil 
mrttrlar# All fftrtrt lotlat? *t Awtld fmaallul, 
Aefta^rt-fVtaAat INI dial. n-fWt-Oft). 

If4|lrr. A. I. Mi 1. Atmi 

I Hi. 1*0 f*n|r»! taalftln H Ibraa tftiSt H *^*at 
NtMoay Hit net! fay* M. (iW-ftl). 

•*ta9 IrPtna tnrtpfrt 1*PtU«ca, Afro »t«* IWrttHr? 

INI. fa> harWUryi af tall Mtta? IfM «rtlilt a* MJttt al 

tttrfrM rf ? ffWIfW H rwftbra. Jawtr? IN#. JIN 

or pi«*i 



HO, (a) rtcc«a4la(a *f lfilr» <J*.ailif Oil 
of arto*. J.lf l«» Ml«- 



VMlitrl^rf. Carp 9. 
ml. trial •> 

1 ft Ptvlrv. fr| 



lutai* ta| ImiI vital Uraiala*. 
»* I2PP-IM*. (A-003-HO. 



11 HO 






m tf* r 
1UP. 



, Varira C. 

C*ar|ta I* alar* k?lt.|titAi f*» l* 
<»&ata 1 *rit#ti!*f*. A.** n**ili. 
Ill M|fi. U-0C1-<*1>. 



1 1 1 1 1 1 at lcfim af 

Hall DalrlMllp. 



fPramtAiU 



taHUiijgl 



CK*B| , n. t. aU lldurf In 

Oil, vnrraktf tbrul rllaatt* ir»4 wlat laaa |r«Jlctl«i. 

Iraaard IrJafa, lcVr«1 af fattal ta* 

■ Mtlal. Celia |l af A|tU«tt«fi, tM M r 1r»1letal 
bfatlam f t at I » , t>l fa^a?l»rla Itita Oaiirlta t tp . • 
(A*OU*fl) 

frt/, 1. C. aU t. Irwt Jw« 

INI. flml INI a**r*«al laprtt *4 tM Vita* Aaa*>«tti« f«**at. 

Wararlla* lifer t N. Irxtltati f«t taaaarci •» 

LaM a*f Vrtit biNtna. IN fi|aa. 

|**ttt«ta fat taaaartli aa* L***i #f*4 vatat taaaarrai, fW 

INI. fmaaflafi *f tM Mtkaaii iklrt baatriu bnartk 

Hrattcfa* Haat|f*|, Cellaja Part, lirjlrl, ?«i? I#, INI. 
lafuiatlaa hfell W. Inatltetl fat biaarrk a* Lrf 
n*f Vatat biuftia. PI p»|aa. 

Jwtl, I. I. r*4 J. (. Ptaf (bltm) 

Oil. Ptxaallnyt al tit l HI «m rticfttia raltiyata, 

l <* .' a rate 1 1 «r* la^*tt S’. Iratltata f.a laaaarri w lab 
•rvl art t ra Raa^rraa. O P*<at. 

la*. P l«ia r I rr*4 v. I PMrpa 

1 Hi. tm-iMa|ri I al tkar^al affacta af fat tat Irrigation. 

Pet la t Itlrxa. 0(2 > : 1 1 1 -IN. (A -Cl J -ft) 

Vm*. v. t. 

I HP. A i*Ml« laatf* for l**aa l < tM iflicta al atrtr* 

pallatlw* aa aatat-laial mraatle* i*?a>fl(arai< 

Vatat barat< a a |«11atO. *0)0*1*. n«lf») 

l?v». 1. i. H v. |. Aypt 

IHf, CMr«a leatraraflra frll*<«t*| pattlal a 1 aa t- r rt 1 1-| 

a* a fatattal vttar»*al. Piaiar<% Ptlafa, fctoal af 
fat a* t Paaawtc a* , IM Panan plan* l a Ptatt Hltftaftp. 
la pitas. U*A*i -ft > 

U)l. I. ». wl v. f. |k<pa»T 

IN*. Pfltelafia affatta frwa eriiBltail ef fnaatrf ntir* 

a^aft la tM VcttMaat. Vcttitaatara Petart Upatisr't 
tirt la* Piper, tnpraal. (1-OOi-fl) 

trftp-eal). A. I. rtf P. ». tall 

INI. PffttU a| rtlrstctil fattata an >a**tMI a«t|r ay> 

trta. JrartU V-t«r POI«Or Curtta) fifai itlrt. |<t 
praia. (l*H>-pa) 

P i rl t aV . ». I. 

m*. f«r*»iSlllt? fMtlrpart I* fallal art f»*ltt4 tarVutM 
la IrtMplwal*. Klaitrl, hiwtctlrt, barl trt 
tvopMOtal HltV. V<*>:lO. (S-H^ PiJ 

Pxrpa, Mlllra I. a*4 I. let 

Oil. tl*a teiaftatal al P«*a*t fftlfnlw. SmmkI 

Itlafa HM-N-Ji. bMI af Par e* t Irtctt « aa , Mla|# 
af >|tl rat rat*, tia Aftlrvl ratal Hvl*aM li»Hw. 

IM rnrtp)N»;a It at S ►Irtrill?. (I-Pll*fl) 

Malta, fc. I. *M V. I. bfptt 

INI. Sat tpflUitlH >f a*rfa«a r*P'f*1n1 tieMrye#* la tM 
itafp al aattrtkaf kpfr»)a|p. Iwtlrit Vatat kramtv 
Ml at tat las tall site. Is pears. (i-Wt-Pl) 

l! Ml fa 1, I. •. m| p. I. Paid* 

IPil. WrtioelH't f«*tarr l«flaW*.N at)l*p1a]fi ta fali*l 
rl haltaf tirtautl Mela la Cse>tnl fMtplartla, 
OaltM, Pranattlwa . Aaatltaa Crpkfiltrl Vet art . 
M(t):l)t. 



Nt« 



lf*<P. Jam »■ 

INI. $**ps fa rtn«*im faltewt^f partial si art -tattle 
•** ferartai uma'af. b.1. tMatS. TM Pe»v*spma1* 
teats PatHtrltp. P* p*PM. (i-901-tl) 




f 



II /wr>l t. J «il L. 

*4 tri»iH cnl vllh llfwlt <tl4 icUlloni. 

a.I- tVtilt Px f) mu DiKariiir. IN 

l»Wil *. 

1*41. fM tffiU kI t**lf omaMtJ fatten e4 |K* r»«>t rati oti 

il X>UI« M, t^a hvirtMHti 

Still UNluriUf. >* Mt*>- (l-Ol***) 



iLCfi 



teuisisiaa 



C*tO«. AalttM* 

1*4*. (i) A f«(ri«ilua *c4tl for f «• I Ian t »t wlir M(. 

hiflli M Calttlt tt 1-jeMirit Ar^llitM j 

It ImH* lit*. la ftm. (A-OCl-ft) 

Hit (t| f>« ril l*Jt 1 o* (f r**ll«ril*l »u»f na'(»mir«iil*« 

• f • ri|Mlll*« « 4 tt. 

It I A|«nl «t It PotiMti. Harirld * tiMi Afina*. la 
ron. 

IKI (C > lollniil *mt wit • r * ftiimi i fta«Mlt*tl*t 

• ltf| || 1 1» InfUm. ti»c t Co*i|f»n finiurtcini 
It (<«t«Urli SKtnfct, tlrtrrtfi f fU«*i A/>n«i . la 
|ftM. (l-OC)-M) 

MU (I) * te**wttf yrc|t*a lef On taariUltltt (fulfill 

♦f mi thirKltrUtld if tuUrrlii «Ur mi. 

Tirctt Co*ftti* fi^vtl floe It tagtrlaM* Ktcitlct, 
IlKtrlct * |iMi Aflat*. |« friti. (**OOJ-H> 

I *4 1 (#| A fttyoett aofttl fir nttf *M t* fw*ltc frilll*|t. 

AatMct* ■ittf *:Mt Allot L ill o*. IftprtM. (A*00)~t*) 

m^oi. I.. p. fum*««i. I. K^lrlf«ii. P» Mn]i, ft- trli 1*4 
t. Owl*. 

IHI. N nW*r«tiriiitlA titu af HlHtH lirtiM ta 
f.iMi ltd. tSltr Intwttit fttittftft Imltvtf, 
PudMltf *f flint lit# Irctelctl ftry-M KwTrr I. 

If >«|tl. <A*0O**ftl> 

III til , >*!“ let 

IH. ilaftf l( t*t tley till Iff tf c l M 1 1* ttlVIi 

I* (aftatfittl v*fl*rtttn| let *t« la nllf riinfct* 

ft»*»i^i tniMitPt H riumt. vwttt itiswtttt it* 

• ttfd Imilhtl, FMttttlt* tf fatrtt tin titWnI 

HiMit 1. I fl|M. (A-M»*f»| 

ti1Ht«|«‘f llfetl . A., ft. liafelta. ft. Qy|jl>d flwtt 1*4 A. »**et 
I SMtr tnowrcii ef ftetrtt Ain* an tr4oH I t>l loft eyAf . 

• Oil lnr«t(H fttn-ttft tnttilall, fthteanttf if ftwtrtt 

*Jct ft Mll^ Vtftrt H4tt 1. II f A -01 f -M ) 






O/tju 



litiian, ^i^ll ftattfA 

Mtl. A* I«rtitffi|lr4 if «*# ■ ftit owi iMcIpfitt; af ttffir 

Ift ttltcttl liC4itrln« iM flaritl nltontiMi, p.|. 
itnili, Onl » if 1 1 tf of ft.So4 1 till »v4 . II Ml*>- (lOIMl) 

tiwti'frritiuil, Hot art TV«>i 

MM. A« Inwttt! |tl Icti of *>* tilt! lofttMy ftttvtta a*ritttl*l«r 
i(4 il» tnAiHtlM tf 1 1 * wltra ♦» j |tr apt it t Vf ctrtatn 
wol I «i t tc I lil l-ot« raitfrm* firltiiliH. H.I, iltilti 
D»I»ifilt; if kMr JiImW. U fi|H. (t-Ml-U) 

6 a ltt4*ltl. Jvttyli Attala? 

M*f. a Italy coMcirntl aid tHt if Ointi ml ItilejUtl 

utility tf *dt# »-«1 tfoityrrt* *r4 fijtttl r^tWt. 
*-!• i>»tilt, PaWifllty »| Daft lilinf, U Ml**. 
<A*02I-M) 






titiiuiisat 



Cftfoff. ft. ft.. Jt., J. ft. ftttl *M ft. t. tfUitir 

IftM. lt(«H!i(l(« *t fttrttftla* i4 ttrf If lost « 1 ftit tr4 

frttotot. Jowttitl •# frttt«Mte|y. r«1 aa* |i, 
ft Mitt t*. tut ?i. u*on*K> 

i on. kMtf ft. 

1*4*. lUfiftaa lta lr. low t ft CarwltM. OnlttrMflf it lot ft 

Coral tat . It fttt*. 

ftttl. 2allaa I. tr| U**f ft. ft tl Ml ft 

1*4*. OOf aftiti rf tttilrllit If t HttM ffilot. Iillllti 

MlnoatMil OoMltalmKt* *4 tt«U*lt|y. ftil^t 4, 
fwft^ar 11*. f |t |*1. (A-01MC) 

tttfttr*. /. ft. ft. ftfrftto! t ft. Mltat 

1*4*. C«l»iir if Cltftitn fttnircft tioriM. Viiir Iti-arctt 
liiiiftft tMlttaK Mrt *. II ( ft *00 ft* 

IO 

Ufot. J. t.. i. ft. li*lll i*4 ft. A Hat! 

I HI. Inmi|iuri tl M* *r<ftii|f of **• roat rttt. 

ftirt A. Ill it i tt* aft (till l*f tl ttittoa Ion liyartft 
till If awatrUal tl ) M ! wM t# »4# *r 1 1 1 »f» f I rw 

ftirt I. I»i!mUi* tl IM |ku itiMtlilli* 
niM fit IttinHM** NlilMI tVi^M It tit riel imi. 
Vtttt fttioatltt fttlft'td irttltttt fttrofk 1M*tt >. 
lift ft»**f. M40J U) 

/«W t* 

1*4*. IdtelMd <4 t*t |«M tnntatdla* «atlc4 lit Itttt* 

•fataf toll aattr fttltoet »*4 tweyaermaytrittat. 
trorltcttoMt af Aatrlcta Acttny af fyrtraUwrtt 
|f|tf«*t*. Valaat U. ftwaftt* t. Ml** UMH. 
{IMHO 



ftt ltd. 0. 1.. Jr. 

1*4*. t*4 c*«Mft«rf rl «M| lari e I. I. 

fvt*r#» *a4 | fl.n, tl.. tall OSttfilff, II 

Min. ktfrrt. la ftirt. (A-OM-U) 

fj'lrr. A. C- n * i -ftrrl!*ar4. I. t. 

IS*. ft»1»Mc*H'!f lltnf MlflfftTfl timMif *4 laMMtta* 

tf It alt?* r»f|ta aytelt of rottatrtctlal rl»r*»taTt*t 
frlrtlm. J. In. Iff*. ISrucat. I*:M. <A-Gf*» 

tati*tirll«t4. ft. t. t*4 ft. ft. fat l rt 

l*M. ftttctfritf rf 1,V -ftitftltVlt (ftnUrofttMttt ttM> 

aid rail f*4rfl f tap . nil ta t*n ftifpvct tf ttllat* 

• Id* 1 at :r*oltf in «*4 a*|tne*«r rat It tt. fit flat* 
Mfttrflit. 

Uii 'ftTlIw^. I. ft. »4 t. ft. ftwITtt 

1**\ A rut tftt t* ft* fttuuiltt tf *M tf itftal tf if 

ta! flaOrfl -f*#tt t»t igtrttft. ft. ftltra. f<trvt*. t* 
ftr*t - (A-od-tii 



ftintlif. Sf* 

I *4* . I«**v»t» ftctort la aa<tf Kl*«t>**' esrtftl! ftirt II. 

Wittiltf li inti C*ra\t*>t 1 m I nn t*4 
Irota. *»li-t tf, *nft»r I. fi|li I t. 

ftttlt. ft. C. 

1*4. Itlitiot if fill tt t*« tn yet tt It* af aitft 

frr I all*. iftMK*! *M Mil liitird Itrlti S 4 rf 
ft*. I.C. t«*ttl*«4 IlltlM. ft* ft*|t*. (A-0C* jK) 



Anil. A. V. 

IH4. CrfnrKi Mrtf. fro< ttl^f* 4 t%t Ik* 4 Ana*«at 

Intft Ca ral 1 *vt tntraat ’* **trrtN» ta Vtttt latnrttl. 

I. t. vtttt ftttorfftt ftlt*vlr>| Ml UarllMtl^i batiitt*. 
Iiftrltr 1*4#. ft i |H t a ♦*. 



fttyf. 1* * 

1*41. Vitt at ■ . w*tt* i r a* ft M , tattt yellwtlna tvl trltttl 

tctvaii let* «a M* tirrllM amfnfttrlif flitlr. 
Pitt* InaarcM Itatard faatttwt* Wfert Pwtftrr ft. 

I* Mitt U-OM-K) 

I***. tnaetit farftar* I* *»tn fttUvtrt etwtralt h*t t. 
CMrtttttf tf feed brtUt lillttl t*4 tcWll 
»r1*a, Mvt ft. tt*M I. fi|H M. d-W-KI 



U4t fmlv4, ft. ft. t*4 t t ftwlltt 

1*1*. lettfl* 4 1*4 StVttit aft txt ftttlrfical «rtt«itf af 

i ittttt aft Mtra»1tft“t ft, tn. iffi. tvrinl . 

:t yrt**. it-ftl ti) 

*1%ar4 1 t. ». N ft. ft. Matil 

1*4*. If a t*f •> a *f*a«ti ft a eal frt wattr . f^**trta*t . 

trrV.layl HlMtrl'j , *al«t «J*. Mtr U. 

fl 4* **• 1 1 



ftntr. f. ft. *4 ft. ft. %rtaltf 

1*4 N reltfOtl rr4T». ftaarlt.a Nnytltl tntlfatt 

Rntlfvt* *t4l*t t*. «**M-|tn, ft. t. It Ml**. 
(I4H M t-4 ».«ft »t) 



fl a g 



fttt*. M» ftnttr 

t**ft. *l t*t*a*tfn wait tf rffltvt cWtft rnrs . ft.i iSitt 
an« Mm.irt- fttf«* H • •*. fft-W-ftf) 



j 
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m **t o * h • it 



CMktri. V. S. 

IHi. OMtlawtioa M it aly m tM mwit *1 U^iIUh lo 
trial l*« fllttr tlflMBti. K.S. UnH. CI«mi 

ItalTKiItj. )) pi|M. (A-Oll-K) 

SiUiM, Doodl I. 

IHi, Anal/tli el » |(|IU1 ilwlittM Mil Mil for kjpinU|la 
H.S. tMtflfi Cl aeon Oolvoritty. 

Mjao vl 4 ISO. (A-010-K) 

Xvrloy. I. X* in4 l. J. bitp 

l HI. A irytUluty itrlp an the rmril of iapurltlu in 
trfcfcllas III tor nfflooata. M.I. tkeola* doioa 
poivoTiity. 72 H|U> (A-Dll-IC) 

Mont penary, MmI 7«t«li 

1W1, Mttr fwllt; for recreatfoauto Mi tortile (fmi 

Aa y«xo i « iMlyofi. N.f, tkeofi. CIimm Oofveratty. 
h|M v 4 DO. (B-004-SC) 

loifllo, I. I. 

1*0. A* oooaosf c Miljvif of trMCOMt of tootllo wim to 

MUlHl MM |0 ptMti. M.S. tkaefi. Ctonoen Oolvoritty. 
M|oo Is 4 121. (A-S1T-K) 

1*1 in). VI lllao Kenoetk 

l Hi. tone ocolo*leel rolotioooAipo of tko erpenic drift In 
rr»ttr*« Crook, Pltkou Oouot y, lout* Carolina. K.S. 
tkeola. Ctooooo Qalrettity. (A-Oll-K) 



raiicoilooo 



fata a gen 



Ouo|, froi P. X. 

IH1. Cdfpottr Ilnlitlta of rit«ii«4 iaareiatWa m 4 *ifr*la* 
tioo ky tko notboi of duroctorlotUo. *ro404il«« 

Ibo lltl Confrooo of Utonuiloaol Are octet loo of 
Kyiriellc blurd, Kyoto, Jipin. I pa|M, (I40MM) 

Ckrlstmoon. 4. on! AUktr J. KjUoo 

I HI lopict of Irritation ItvolopMl on Ikon u 4 train, 

Svifck Dakota MperUant Station Solletln I knfc«r 5S0. 

SI pago. CA-001-IWA) 

Crooka, ISomo J. 

I HI. Vat or loiaoo wJ soIm icrtu U* pihutpo Uosatono, 

*oo SHOT Crook, Stack Milo, fort Dakota. Proc., 
koatk Dakota Ac oil Scl., Voluoo 47, m|M 41-55. 

(Kotai A(a abort atsoaarjr p«p«r U kaeei w tka 
•otkor'a H.l. thoala Uuoi to tko 1H« OVtt Aaoaal 
Moort) (A-OOl-SDAK) 

Crilthu, T. A., H. Si llanooa, A. C. P« aoi t, L. Applifiti 

1«». lump of pottle lie roattfooo fa tko Uli P«(mHI 

ocoapatoa. Pr«. Sootk Dakota AtV. Set., Hlune V. 

Is prooi. fl-OOI-SWA' 

Cr 1m. J. f. ujO Tbomi J. Crock ■ 

I Hi. Uttar lore#* to tko tU4t§on (PiWupr) tlaoaeooo, Slack 

■Ilia. fovtk Dakota. Vpo, Cool. Aao'o, Hootlotk Mo. 
noli Ooof . Collate*, hm* *os-m. u-oio -swx) 

Crloo, J. r,, Wall V. XI van aoi Tkonea J. Crook ■ 

l HI. Sockorso of tko Pibutp* lineotoee erUf or froo etrean 

loaaaa. Slock Ulli, Motk Dakou. Pros., Sootk Da kata 
Acai. Scl., VoIom 47, pogee S4-41, (A-CIC-SWX) 

Mvitiki, Joe apt A. 

(HI, Ami to* Jelly of DPI taonora to tko OttfVd 

Ckloordkitko ca irw» (Sara). Iwth Dakota Acai. Scl., 
Del an# 477HS00 lCRlt , <4-«5-gB«) 

Mvatoti, JoWpk A. aoi Donat! 1. proatt 

lHt, A not a on i noitfloi tklo liyar ckast»|ripbli pmokso 
for tko ilontlf Motion of trovklooone pntltlia roaiioo 
inplH. Ho real Aaaoo. Official loilpUtil CMn, 

fa pr»i. (A-oi s-som) 

Hpp, Mm S. 

IH*. A preliminary bpinlt|li itvir of My 14 Crook at lapii 
City, Ponatoftca Omoty, Sootk Dakota. Pm., Sootk 
Dakota Acai. Set, la penea (4-0 ID- SWA) , 



Tkaiaa 



Ctooa, Stovoa *. 

iH». Vator reality ckengee oniar lea cavor la oortkoro 

pnlrli lakao. PCS. tkoaio. #retk Dakota Stata Oat- 
vanity, S rootlet* • H pa gat. (S-OOMWU) 



■oonoa, Hlckool X. 

IHt. Ecelaglcil M tnpki* itatrikotioo af peat Idle* U 
Uko Pofooott, Sootk Dakota. K.S. tkoaio. Sootk 
Dakota Stato felveralty, Srooklapa. )? p*|«a, 
(B-002-SBAX) 



Patrick, UD/7« 

l HI* A aatkMatical noiol of a Tint kaata* US. tkofla* 

Mockaaital HaUeorUl' Soatk Dakota Stato Onlmitty, 
f r«ckla*a • 72 pipee. (A-OH-SMA) 




MUSlHlM 



Urooa, p. C. 

IMS. Vator *oollty Uvmi#atloo. Part 2— Boatc iota— Tort UUoua 
Saoomlr, Aft 11 IfU-Juoa 1HA. Tackolcal Hliatto II, 

Vat ar loooarcoo Aoooorck Coatrr, Hlreratty of loaaooooo, 

U OlS-TtM) # 

Ikovoa 
Caoa, C. I. 

IMP. Dm l iom loaol oyoa ckoaool kou itoporalon. M.S* tkoaio. 
Tko Dafvoralty of Toanooooo. 5) pafoo. (KOVPttl) 



Giaaottt, Prank S. XU 

IHt. A otviy of oolf'parlflcottoa vior anotooiy flow etailtloao 
arias iya trocar tocknlvNi. k.f. tkoaio. Tko Mvaroity 
of Toaacoooo. 44 pajaa. (A-D14-TM) 



Solladay, Mali V. 

I Hi. An aotyorUoaUl lavoatlsatloa of tko torkolaot fin la tko 
aatroaca ro*Ioa of o rooai plao. Pk-D iioaortotioa. Tko 
Dalvorilty of Tooaooooo. (A-OCl-TBU) 

Ltm, PklUly V. 

1H7. Ai avaUatlon of oolfnarll tcation foe ton lo Pert lovim 
Moorvoir aoiar contrail*! ^lackat|o cooiltUco. V.R. 
t koala. Tko kklvorolty of Itavmo. IDS PH**. 

(A-004-TDor) 

Nlaoa, j, L. 

IMP. Aa aajHsrlaaaeal Invootlfatlon %il tko tarValeat an I noon flow 
• report lao of o pUao evo-ilnoooioaal tarkolant vail )ot. 
h.l. ilaaartitioa. fko ItalvoriUy of Thmiui. 
(A-COl-TOQI) 

Vllaoa, Joka V. 

IH*. Cooky! rt logy of Sklllaaa Saala «a Lka Voatora Il|hUai kin, 
Tooaooaoo. X.S. tkoolo. Poaiorkllt Dalvoro. cy. 7P pofoa. 
(A-DIt'TOkO 

Taodoll , Sifar L. Jr. 

I Hi. A no t San* t leal noiol of fort lovdoua Wee ml r for tint of 
flow. M.i. tkoaio. Tko OilririKy of Taoacoaoo. to Mfa*> 
(A-01S-T1NO 



TEXAS 

kalfStlar, C. Si, Ml V. L. Molar 

IH*. (a) Doolsa of aa optlaal kroackai allocation oyotn. DCQKA 
MaiOfrapklaa, Hlva 40, Praskfart. (Kata). (S-024-Ttx) 

l Hi. <*>) Dyoanlc profranalaf U vator ruMftii lonltpant. 
Procooilata, iyopoolvn oa tka AnlayaPo Of Vator Paaovtca 
Syateao, Anorlcaa Voter kaoovrcn Aoaoclatt^a, Denver, 
Colorado, J«ly JHi. <S-014-TIX) 

Clakore. I. J.* nai Valter L. Moot* 

I HI. Tko Steal or! VatartMi Koiol •» a tool for ootiaetl^ coa- 
tlowooo otranilw ky^rograpko. Toaao Sort tea, Anarina 
Society of Civil h|lanrii|, Bona too, April IHi. 

(1-0 3 5- m) 

Cookua, Ariel, S. J. Clokora, oa! Walter l. Moore 

IHI. AfpJIcotlan of contlooooo «ac«utU| tockalfooo to ovolaato 
tko of facto of onoll otrvctvroo oa HafcovaUr Croak, Tasao. 
Praraailapa, Ceafervoeo oa fko If foci a of Votcrekoi Ou^H 
on Stroonflov, Dal vanity of Toxea Pvaoo. (HIIS-1IX) 

Cooke* , trial, on! Valrer L» Moora 

IHi. Saner leal • lnale t lea of o wUrtM M o aaono to oveUote 
oono of fact* of Hot Ho tar-marl lap o tract area on renal f- 
*T» 14-HOI lyironlic SapUoorJa* Ukorotory Deport . CBS!) 
Cantor for Voter Wo oe r co o loooorck Deport, Dreartnoat of 
Civil T i f ar ias, Tka PaJvoroUy of Toaao at AootU, May. 
IH>. (SH15-1TX) 

Drerecofc, MnrvU J., ani ialUai l. Mniiw 

1HC. O r too hn tot ndat|i on! Ita potoatUl. Pronoetof at tko 

IHi Anneal Mootlas of tka faat'mat taslon, Anorlcaa lec'ctp 
of Aprtcelteral laslwtre, Dana Doapa, Uvlolcnc, April IHi. 
I papao. (S-ili-ltK) 

Dvomak, M. J. -*,’ ■* ■■■' 

IHi. Don of valXo onO pita U rodtarpa wltryiwl fatantiono In 
oani-orli aroao. Proa ca t al at tka latatoatlonol Coaforaaco 
an Asli tan it la a Ck on sla p RkII, Tvcooa, Arlnono, Jena U, 
IHi. (S-DAI-rO) 

Bllar, j. X., nni s. P. Olaync 

IHi. Ooysan proWct ton on! looa la a noiol river. Teckofcei Aaron 
Xo. I (OHM), Joneaji IHi. Si pope*. (B-044-TSX) 



|Er|c 
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.j y. 

iH». Miui cwrKc i •Usiotim e* euctrouaatu mtmm *f 

"\Ul+ 4* • fltols* mUm. miMvilw, «MT((U factory 
** AprUvUvrel to|ioean, l|(«)i HMM, (Arttf-TV) 



ft. A. atWr, <m 4 ft. ft. C «fy 

ilmUtUo ii •imntiaetlo i 



hnUi Billy L. 

IHf. MUorolmy eft **U soft mAsrlyU* oaAlaaon Itrn e Yasaa tU«k 
UH^ * ***** ** **** 4* ftl <a * Ctll«|«i 



tkMtwrn, tUie V., CtorUa t UoN, Mm «. Omm. a*ft Omrtft 



IMft. ftUiiMt* MtM« of Mfau carnal re nftm cbmfcel 
pfilMlM of wtiro for rockiri* *4 tto 0*sll*le fonotloo. 
fttMMjrv of Mioot M«m Imwcm toowrck it tout Ttckoc- 
40fti<«l toltopa, Velar ItMoriti Castor, Ubbocb* U-007-TtX) 



Miu V.; CMrU* ft. U^rft, Jobs c. Okm, Desal4 Aetoow, 
soft Item A, AevlU 

1H7. Utomti wtMo *4 wottU# coelnl to iMm ctoolool 

R U«Un oft Mtoro f«« rKkirit of tk QplUU Fecwtlea. 

OftHM topoft — lotutck, fcbOOl Of UrtMltOU, lUM 
Tectoeletlcsl Collate, Uk bock, Tout. U-007-TDQ 



ItoftOOO. ftifu | ( 

1H«. m ftletrltotU* ooft |nmU of oofioUto <•! itUfolilM to 
tkl U4M foUUAa. X.ft. TWfll . tUM TkMoU|UiI 
Co l loft*. Utbuk. 0-OOA-JO) 

0MMM, Job* CUrlM 

IHf. Am too ties* *4 m loo toft tmtatnl Mttofto oft »ooft«lu 
oootrol U Floys Ufcoo. bamkUebaft If. ft. Ant* U 
CatoM lo««. T«ui Toe ho* top Leal Collofto. Lbbtck, 41 ftOftM. 

(tftOMni 

SO* V 



Aoftlew, A. ft., ooft ft. A. Clerk 

IHf. ^yftroftroftti aystkuU fcjr ftlftlul ( M o tif. Journal of tto 

Mfooljeo MvUlm, ASCI, Vulma »), to. B), foftu I3t-*3f. 
{A-OtO-TXX) 

tooct. f. ft*. ft a j. Ruikir 

IHf . <•) tottomtUol o Isolation of too tomlnil torUeatsl 
oaseectlvo-fttoperoleo U mU-alseft uturlw. Moltlof 
•oft occoftoft ftoc fob 1 loot loo U tto AlTtOMtk Cooftrooo oft 
tto litiaitlucl Aaeecfactoa for Ntwllt toooorct. Kyoto. 
Jofoo. AMftoot-ftoftootor 1H». (I-MMQ) 



Miff. 

1H4. 



V. I., Jr., •* C. ft. ftolftVtlor 



Opt 1st oat lor Of braocklat ttltiiUM oyotoM 

^ ^ p fi Uytltl Tim Votor tooooicoo 



A roy ly u o 

leessrcb/Vslme 4, tootor ft Vf*ft* IMS* (iOfti'TtX)* 



Molar, V. I», Jr., ft. ft. Lawlsae, ooft C. ft. ftolfthtlor 
1W. Cocoa trie ftoftr — ioo t oov optUlMtloa tKlalfM for Mlir 
rooowrco saolyilo, notes I toga, fount Amoo* Mart coo 
V otor Reeourcoa AoeocUtloo MoatUf , Kov Tort, Amato r IHI. 
(A-flU-TDC ooft 0-0J4-TSX) 



tttmaHw 

*oo to, Cory ft., F* J. Foot ooft Mm K. MM lft 

1H4. tolstlaosblp torvoM eortoU ootor ftillty futon ooft tU 
•ot loo too of otooftloft crof ooft ftooorotloa tin* of 

U tb« utu Urn . tour loo ^orct. la prow. 

ftoorr, Cory A. ooft Mm X. totoolft 

1*6*. Fijmat toooft uttMUl of tostkU Moult; ptotosysckeeU 
U tto Loom R/ver, Istacoettooel Journo 1 of Oceeoofrnpfay 
•oft Uooolofty. X* proof. July 1MI. (A-OOWTAI) 

Sroftloy, 1; B. ooft Jaaoe r. Cooftor 

IHF. Tto Ocooooleo of mw o 1 loco t loo to Dtit-u Uyvt-cutyot 

•oolyolo. toooorct Koyirl. Buroao of IcmoiKi raft Ha lake a 
toOMTCt, Cslroralty of Put. IS papas. (MOi-VUI) 

Ctyfto, Co tola 0., totioU C. Jooooo ooft Joooo felllpea 

1H7. Conjunct Iro ooo of turfoce ooft imototir, Fwooftfafti of 
Byape* lua o« Srocaftwotir PmUfMot la Arlft lulu, Korct 
1H>, 9ufi ft to to tolvorolty. fo«oo Sf-H. (A-OIJ-WAA) 



tooro, tolur L., ooft ft. J. Clotora 

IHf. AuMrlcol oft Mtorobofto wla* ptyolcol ootf 

f orooot^i. sillct Cooirooo oft eta titoraotloool toooclattoa 
or PrJrutji toooorct. Kyoto, Joyu. toy t tutor IHf. * 

(S-OltoTO) 

Trod, tor too L. 

1H*. tootlutlooAl focioro o!foctlo< lojft ooft votor tout lorn at 
Foyor yrooootoft to tto Kyrolosy tort loo ot tho towl 
tot 1 ooo 1 Foil Mfttoft oft tto Aoorlcoo Coeotyoicol Ctloo, 
too Froocloco. tocootor IHI. CMttl-m) 



tori, Our loo I., Joto C. Owoi, BltU V. Auto tot too, ooi 
Oocolft Aotftowo 

IHf. Attonoto ooU^ftt of nooTolto control to roftoco cbooleol 

pg l Ut loo of vottro for moors* *f tto OfolLoU forootloo. 
Frojoct Coop lot loo toport, tot or Mmitcii Cootor Roport 
nC*W-t, Tout foctoel^slcol CollofO, Lattoct, Afrll IHf. 
(ft>007-Tn) 

tori, Chorloo I., Joto C. Omi, BUto V. A otolootoo ooft 
Ooulft AotftoM 

IHI. AUotaau oottofto of Mtf«lto control u roftuco etoaleal 

•o 2 lot loo oft Micro for rocKoryc oft tto OfalUb. Forootloo. 
frofroto Eoporto cm toporta oo Boooarct, ftetool of * 4 r to ol- 
ios*. Toaoo TocAnolo$tcol Collo| 0 f Utboct. (WW-IB) 



Voaftl. C. V.. ooft J. I. Sootlor 

IHf. I of loose# of nil oolcAoo n tto MrlrooMot, Mftitotloo 
ftovolopoMt soft cor to to fitot proponloo oft cottoo. 
Ftocooftlafi of tto llrft Cottas fttfolUlUs FtyoloLoty 
Csoforooco, IHf. (A-OOl-TO) 



Volt. «. A., soft J. ft. CosAUo 

IHf- U) A otofty si potsctUl oraporotios oopprooossto toftor 

oroostosoo cooftlclosot mltotUi 111. TAXS PK-2H7, IHf. 
(ft -002-TIX) 



IHf. 



<fc) A • lofty of pot ostial tvopoutico mk« 
o nsoto uto cooftUloooi ovolootlas IV, TAB 

(ft-001-m) 



laaoto MM 
Ft- 20*. 



ton, C. ft,, J. 0. SchoUo soft Cj A. Coltton 
IHI. Coe troll tc^i votor mo Vy oopoo with ptooyloorcorlo oca to to. 
Trow. tor. toopfcy*. Volos 4M7I. (A-004-VTAA) 

Alotoy, ft. ft. soft ft. K. Sotorto k ' *• 

IHI, Tto oolas oft wotor 1* cooplisooury laftwitry (Mflnu. 
ftoooordi toport. VtoA tuu Colvorolty. to pr*«o. 

CA-OOf-VtAC) 

tutor, A. i. 

1H7. Coooocvtlvo otroeof lev over of to for 10 Ctofc otatlou. 

KoaoorcA toport. Ctok Votor iMtirck Laboratory* tub Itou 
Osivorolty. fl pofoi. (ft-OOi-PTAA) 

Jopyoos, ft. V., 0 , i. Aoteroft, A. L. Motor, C. V. fttofortoo, toft 
Joy M. ftof toy 

1H4. ftyftroloflo Atto* oft tftafc. VtoA Votor Boooarct laboratory, 
Vtok ftttto Psiroratty. Fofot U ♦ 30ft. 

Xosooror, A. J, ooft Jobs H. ftostolft 

IHf. Crooa yilosry ytoftoctlvlty oootorooootj. josroLl of Uo* 
oolefy ooft Ocoosofr aptiy. X« or no. (A-003-VTA*) 

KlllifOOj Joooo I. 

IHf. Optimist coojooctlvi wao of ftr ou oAv sto r ooft onfitt wtu, 
Bo yort to. Fl-VMl-JT, It ok Votor ftoooordi Laboratory, Vtok 
luto Polvorolty. 143 poiaa. (S-OlS-VTAft) 

ftoroyou, V. V. ooft J. F. II Icy 

IH*. Appliutloo oft as electronic oaolof coopotoc U tto ovoloo- 
tloo of tto *( facto of vrtoolaotlos oo tto rvtoff ckerec- 
urtatlco oft nail Mtarptofto. Fro c voftlsfta oft tto FosrU 
Aoorlcoo Votor Baooorcoo Coofto r 00 c » , ftovootor IHI, too Tort, 

too York. (S-013-VTAM) 

Arroyos#' V. V. soft J, F. ftilay 

IHI. AffllcatUo oft 00 aloctroolo ooo log e oofv t o r to tto soaloa- 
tios of tto affect • oft ortoo loot loo os tto na*ff etoroc- 
tox Utica oft moll muratolo. tollutlM *0, ht*mtl«al 
Aa toe lot l«s for Sc tost If to lyftrelefv, VoSvorolty of Arlaoso. 
Fogoo 3A-AS. (V0U-VtM) 



Ttoara rol HooorUtloM 
Clators, J. *• 

IHf. A ustlmsM n c an s 1 1*| ooftsl of tools fcyinlafty. Fk.0 
AJorortotios. BspsrtMot oft drll toftiMtrtf, Ika 
Uni *« rally of Issso at AoatU. (S-OlVTO) 

Cookos. trial 

IHf. Amoiicsl • Isolation oft 0 mtorotoft oo # aaosa U aval oat a 
com offocu oft f Ufftmtat n tarflo* itnttww as rosoftf. 

M. I. Itoolo. P i f i rts ia t oft ciofS Ao|laoorla«, Ito Osivorolty 
~ lit AoatU. tVt: 



of T« 



(KftlVtn) 



3 / 



SAmotH. Ttoooo I. 

IHf. A cosfotoc rrsirM U nto «to soosroUaoft pi 



tram too pro* ton. M.S. Itoolo. 
lirftlMB ooft 0^34-m) 



. jtrlo | 
Qolvoralty. 
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MlWl, «. «. 

IHf. Aklllty of ooloctoft off as lam ftroa Lagoo haft U lyoo $rm 
poo It Ira uft at 00 onset Ira colli. Boeoorck toport. Vtok 
Stota Ooirorolty. (A-tH3-VTAA> 

UlM. j. p. ml **. V, DArrro ftereyaa* 

IHI. KoJoUat tto rvooff ctoroctarlotlco oft 00 ortoa vouratoft bp 
io«m of as 00 a log raopvtar. FrecooUaoa oft 1 opocUl 
lactsro jarloo os tto of fact a oft Mta r aba l abaspaa as otroao- 
f tow, Octet?* IHI, Dslvsnlty of Tease. (ft-ftlMRAI) 

Ito^Mtoo, CayUvft V. , Vyos B. VoUar, Brest I. le«Al« mft Ltoyft ‘ 

IHf. AoolyaU aft aasU muff mooftoant otroctsraa U Irrlaatlos 
ftlatritotlos eye t sat. looa or cb ftspgrt At. Ft-09 35-1, 9Ub 
A* tor Bo o otr tb Laboratory, 9tab Hate Aalrorolty. Fmoo if 
♦ H. (KOIHTCAD 



O 




l. i. . . x ' . 

: 5 ’ ■' v; : : ..\C * a v 



Am, l. t. aad A. 1. MMr 

HH, fellaellay mm ilitA U Utah ky rtiMlHl coifmil 

•Ml/iti* bwirib V^«a, Utah Uur liMirrt Ukritur;, 
Utah Suts IhlvsraWf* I) payee, <2-©01-VTAA>, 

VrMrirai, R. I. aad !• D. C*r<wr 

IMS. ?r»<jMttvtti if wur U HUk «|rtnituri. lutirck Report. 
Utah l»(f nlwrili;. Xa mia. (A-00MTCA1) 



p iwifiittffi rt am 

Willi , Im« Aeeylaa 

1HI, A rMtfftiul oedel •( the lu Pitck Alvar kill. M.S. theati. 
Pteh Stale Valverelty • IM pa|e». (y-AD-VTAH) 

Baara, Wry #• 

IMA. Primary product lea af SyfcaaretllM product too m Ue lover 
Uyu lit far. A.D. Oaali. Cert ftete Mlverefty. 
(A-PO-VTAA) 



Chi, Lo-ylaf 

IMS. A itody of ill ircpvth wl eheeth akpu af fakurklly 

»UM la raapoaaa t> lihmtiri ud opaclfle ru]<iti> M.t. 
iwTT*. Utah State l/elv»Tflty, (A-OOJ-VTAI) 



IMP. ONImcIm of tacfclc (nmikita to — Mo ltlaa la War Lola. 
Ph.D. dlaaertattoa. Utah Stata Mlvara Ity. (WlO-VTAl) 

Cooriaao, Paula C, 

1P6S. Tho affacta of tU paycbo-eoclal Mil far security oa 

IrilfttlM fartin' u4 «M|lt(oo related to wttf 

re aeuccee, tr.S, theote, Utah Stata Oalva rally. 

VTAH) 

CIIIUi*, Jaaee L. 

IMP. Attlt>4«a toward water raaovreo krtl o p am , see. lod antral 
and the rurel-srhaa dtffcreatUI la the War Alvar kali, 
n.B dliirrtittM, Utah Stata tklveralty. CA-OOHTTU) 

Orillia, Doa l. f 

194P. A phaavloct tTKUi| filter far aaa U the r v/wr/ af kv 
lava) tc l Misery Wta fioa aotaa. K.S. nhoste. Utah Stau 
UatvtTllty. (A-C02-VTAA) 



Hilt, t. I.. I. D. SchelCe ap4 C. S. Col chary 
IHv . Ilauliltoo af Ik hydrel©ilc-ecoooalc f loo ayataa, fh.D 
dtsrertetlea. Tub Stata Valvaratty. (AH»4-VTAA) 

Kvofc, Tuay-Tues 

IHf. Otar k tar laatloa af a snup af kctaroUi) H.S. thaala. 
Utah Stata Uaivaralty. U-C03-VTAR) 

father, Hue Usd A* 

tWtf. SlaulatlM af tk hydra to* lc-eecaeaie flow ayataa. ffc.D 
dleaoruttaa. Utah Stata University. (4-017-VTAA) 

Sblb, Chuas-rtib 

Hit. A 41*11*1 eouatar oatas m|mi 1« fin teerraaete raf»lrln| 
alilm powif. H.S. Wilt. Utah Stata Qalvtralty. 
(A-OW-VtAh) 



fub Uutlo s* 

Nciun, C. I.) a>4 4tM S. flkkr 

IfAP- PvoclyJuttoa la Uha CHn>!»ia, C.S.A.i A aourci af dla- 
aelvad alaerata. Iirt. Utarmat. Sac. llool., kJna 11. 
fa yraaa. <A-007-m 

INM, Allca S., aad I. S. Kaaaoa 

lW. kmt aadtaratatlaa aad vatar properties. Uha CfcaapUta. 
fai CalJa b aah ta flald bmilw, V. t. Suit Cm lot teal 
Association, 4Ut Am. Mat lay i 210), <A-ttl-VT> 

Pel oat, H.f S. B. Madbar S , aad X. ». Kaaaoa 

WW. (a) Charactarlaatlaa af vatar man a a af Uk Chaaplala. Virt. 
lat. Sac. Ltaaal., rolwe 11 la praaa. (A-OOl-VT) 



Potash, X.. S. S. fcmdbery, aad A. X, I 

IMS. <h) Kyi Uaattic aaygM chanyas aaaaclatad with eotuaael avar- 
tara. lat. Aaaar. Ccr. Lakaa ln„ frac. 11th CacJ. Crt. 
Uk* Me., IMS'. 343-570. (A-001-TT) 

Uar ar, V. rblllp 

1PM. The lata flalatocaM aftha Chaaplala Pal lay i Veraeetj isi 
Wv fart Stata Cceleylca) Aeeoclstlea Mdataafc, pp. «5-7t. 
<A-OOA-ni 



.»w ' v " 

Aataaaa. David (• 

lHf . farraaMRaa a aa com rat Lena la taka CM* la la, V.S. Thaala. ' 
Ualva rally af faraaat, U'COl-TT) 



iMM) Thaaaa I, 

1W». A atvdy af lha aaaacaal ahalmi aad dlatnhatlaa af 
Calaaald eapapada ta BarlUftaa Wy» Uha Chaaplala. 
Uaprtl. 5.1. Thaala, fetvaratty af Taraaat, Dapartaaat i 
Kaataty. (AOOIOT) 



fatal, Carl V. 

1HS. lha Chlraaaaidaa af taa nkyn'ti af U%a ChaapUla. 

DapvM. X.l. Thaala, UvlvaraU/ af Varaiat, Dapartaaat af 
Xoalaijr. U-MI-W) ff 



n>c»u 

Ward, J. t., 4, l. Calrtar, aad ». A. Ktllaa 

IMS. Tha lafluaact af aaUr radio cloa raflactaaca aa wear 

avaparatlaa. Wllatla W, kUM Saaavreai Aaaaarch Caatar. 
la praaa, (VC1HA) 

Cooper, Ayraa 

IHV. Caalafia coatral at rilafoll-rvaaff ralatloaa it tha Paafc 
Croak vaurahad, Mull tad ktk aojallea, VlraUlt. 
AolUtla 11. Vatar kuurcai laaaarch Caatar. la praaa . 
(A-CM<VA) 

Calier, 4. l„ 4. f, Ward, aad A, A. Thaaaa 

IMS. Vaur avapa/atfaa •vppraaalaa. Wllatla II, V»ur Aaaovrtaa 
taa. trek Caatar, la k>m. <A-01f*TA) 



Alia, Pool A., 1. A. Ttk, Marra B. Varraa, aad Clifford V. Aaadall 
IMS. DtatrlWl'aa af paatietdaa la aurfaca wtin, Javtaal af 

tha Aaarlcaa Vatar Vorta AaaocUtlae. Vo) we SI. la praaa. 
lA-OU-VA) 

Kaaaa. Joha W. aad V, J. AavU 

IMS. Predict tea aodala far Urvaataaat ta vrhaa drataai* ayataaa. 
Wllatla 24. Vatar Aaaourcaa Aaaaarch Caatar. la praaa. 

U-OU-VA) 



Kntcbhaff, Alchard 6. aad Richard I. Nouahaflu 

IMS. Caaaralisad UUlal coadttloaa far tha vtachaatlc aodal far 

E allot (aa aad Itaaalvad a«y(aa ta atraaaa. Wllatla 22. 
a tar Raaaurcea Aaaaarch Caatar. la praaa. (A-027-Vt) 



HcSitca, P. A., 1. V. Steal oa, aad Ml S. Alaa 

IMA. Aaaoval d yhaaphate from aalmtton vtllulaa a coal coo tact 
yroctai . (Abetract). Jouraal of tha Virata U Acadooy af 
fcli&ci. Volow If, page 112. (A-015-VA) 

Hoff, Ctvart S. aad Caaryo Si— taa 

l Ml. Tha affacta af pvopad a tor ay a rraarvotr aparatloo aa klu* 
lot Ual prodactlvtty aad water Quality. Wllatla 21. 

Vaur Ut'Hucu burch Caatar. viii a 4? payaa. (A-C12-VA) 

Mix halloa, P. L. 

lMt. Aaaaarch aa treataait af dya vacua. Jouraal af Aaarlcaa 
Aaoaclatlaa af laxtlla Chaolatc aad Coloclata. Valwa l, 
ya«ca Pf-lSl. (A-Oll-VA) 



Xltchall, Alchard »• 

IMA. Vaxtatloa la tha Nlnwa oaklWn coaplaa aad lta iu* 
oooalt o lyalf tc aaca . Daiva raf t y a t Callforala Puhllcatloa 
la Sotaay. Voluaa 43, 43 payee. (A-OJA-VA) 



Phil pot , Jaha V. aad li chard 8. Arvtchhaff 

IMS. Prahahllfty f rracaata af 3D-day praelpltatlao. Wllatla 20. 
Vatar Woavrcaa Aaaaarch Caatar- vl a 243 payaa. 



Aaadall, C. V., I. S. MUM, aad P, I. tin 

•HP. ractara that affact activated aladyo yhoaphata ralaaao. 

Pracaad 4 j^a, fifth Aaaaal Anarlcaa Vatar Aaaoaroas Aeeecla- 
ilea Caaf artaca. la ttui. U-CU-tA) 



Aaadall, C. V., 9 . V. Xarahall, aad P. S. Slay 
1 M 9 . PhcapKtn ralaaao la tha activated aladya pracaaa. (Aha tract) 
Pracatdlaya af tba Irak Wtlaaal Syapaatna aa Saaltary 
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I eeltlatap w atercarreot fnta 
ASCII Jawraal* la yraaa* (C-IWI) 



Ua. I. 0 . fete rot t, U I. SrlcUoa ate l. t. ra 

1 W, Itmtlve Crete ly war la nyttaluctaa 11 * Ite 
Itoearity SIff Irelty la Syiutet ycefwto# ate 
mail lire** I sat tar* AXCLf jouiaal* la yraaa* 
(0*10)1) 

Lawrta, d. F* 

1 HS* Caaywtar rote la far raaarvalr rep la tin, teml af 
Saalcary |a(loeerla| Mr*. ASCI. Faina 94 , MUf 
SM. Fapi 4 ) 7 * 449 * ( 0 - 10 ) 4 } 

1949 , (a) A ayitaaa ayyreech ca yolletlM caatral* Vatar 

ate Ikitea M|laaarte(* la yraaa* (C- 1034 ) 

1949 , ( 4 ) (teakettle ateala far tte aoalytla af river 

WaU ayitaaa, tactelcal teyert. Coma 1 1 Veter 
iMMrtai enter. la yraaa, ( 0 - 1034 ) 



Okie, Ctea-Lta ate teatlS f, Slctlar 

1949 . Ltoeer tlwe-nryif ateal af ratofaU-mof f ralutoa, 
Mml af tfacar teaeurcee teeeerch, Aaartcae Cta> 
vayalfM Onloa. Mine >, fttewr t. (C- 1144 ) 



Lower Mneaete Mvar WmriVte Dir trice 
1949 , note yUU rep l, tl one far tte Uwar Hlaaaaata Mvar 
Veterehte District (Lnnil^i Waa.) A Vrechure 
((elf-eot type) witV two wye. (C- 1 I 34 ) 



Daaaa, 6 , 

1949 , A 4 iac«aalaa an tlw Sl^yaralrlty taeaar la a car- 
tel arc Milan cteeaal flaw, louraal af tte 
l/frcullca Kvtaloa. Aid, la yraaa, (C- 1004 ) 

Da tear, Plaa 

1949 * tU tectarla-ptytaylaafctaa utarfaca, Cbaaayote 
tey Lateratary laf. Da, 49 - 44 * (O-M 01 ) 

Slata, C* 

1947 * 0 a tte cteory af loa§lta 4 lMl Slayarataa. fraa a a itaf i. 
Ut 4 OMfraaa af IAJ 0 U telau 4 , yaya 1010 . (C-V 00 I) 



Ma 44 awa, tfllllw 0 . ate y. I. laflaraa 

1 H 9 , A IlnrU Aif Uaaar rayraaaatatlaa af aarfacc 
ruocff, tUaaacWaatta Zaatltata af tectealaay, 

Dayc. af (trtl S«|laaarUc, tfyfrteyamUa Urmtty. 
teyart tfa. IIS. (C- 1049 ) 

fetch, Freak 0 .. V. Sr Rhanter. H. Jwffray, K. 1 . Kateta, 
ate V, A* tfhlca 

1949 , A marital ateal far tte aUatatlar> af tUal hyfra- 
fyaaatca la aha Haw irrafalar aacwarlaa, Tcctetcal 
lm .1 NTP 12 - 4901 , iySrawlta feflnaarlaf Uhoratcry, 
r*a telr. at Taxai at AaatU. 113 yayaa* (C-I 13 I) 



teyay, V, S*. Ir, ate D, I. Vtealaw 

1949 . ite effects af wrhaateetUa 6 m mil hyfna rayte far 
aaall wataratefa, laaatoa, Twn • 1944 - 47 , tMOOO 
Ojcmm Da* 44 - 1 ) 79 , trl ♦ 70 yafaa a ayyateUaa. 
(C- 1094 ) 

CiUUt|»r, H* ate D. F« Uwcka 

1949 . Mute atela far flaw rafalatlaa, Sawraal af 
■yfrawliaa Dir., ASCI, la yraaa. (C- 1034 ) 

Orayara, tel tar If, ate 9 , I, taalaaoa 

1949 . •craawf low racer* laoftl far atealiaa uttteit 
Syenite. Kaaaf chaaatta featltata of TachaMloyy, 
MyC* af Civil Kai*aMrta(, Mrofywaaica Lahoratary* 
layart te. 114 . (c*l 049 ) 



Narawita, UooaH 

1944 * littetlw af racraatlaaal kraal Ita at mi arietta* 
water Sural nyset altar im CalKaraU. KAStlUCS, 
lac., factetcal reyc*r. 44 rajaa. (C-U 17 ) 

Mckiaaa fealdyal Ua|wa 

1949 . Vatar ratal ate rtlateS fata, laferwetle* DnUatfa 
Dnter ID* (fret loo aa Mcklpa water In h«awl 

m yet .'act C- 1141 *) 

teller, K A. 

1949 , Vatar telacca aralaatln af af facta af aakSlvtalaaa 
aa water yialSe la HUSlaaas Oowaty, Saw Jar My. 
free ate iafti, Aaaoctatlea at tear lean €ao«r«|kaira. 
Valna 1 , yayaa 111 - 174 * <o*UU) 



Oval, N* ate D, f, Uv-te Orlak, 4 . T* ate DeealS S* M ao tow 

1 H 9 . A aalaacte mata-aS ktklloyrayky U tte awalyala af 1949 . rataatlal area af ayaratlaaa ntenh aa twi vatar 

water rear area a ayicaaa. Oarwall tetar Maawraaa yraktaaa* FraaaaSlaaa af tte l)tk kaaaal Caafaraaaa, 

Cntar. to yean. ( 0 - 10 ) 4 ) Vatar far Tasaa, Saw. 13 - 14 , 1944 . (C- 1377 ) 



■aaa, rrte 0* at el. 

1949. lea tea ate fat we af wetee yalladaa te to yeyer 

yraSwctoa to Saw lark State* Oalaa Vicar laaaarck 
teyert 09-7* (C-L31S) 

VIA flatoa OWSa ryr awl tetar CaaaarvaclM Matrlct fa* 1 

1949* fre e eSnea far atelftoatln af ( r on f water Sau* 

A ml mV It Site Vy UA Kiln O afenete tetar 
OowaarvatlM Diatrlat te* 1, Ttua U37) 

MKWk. teywaH H. 

1949. (a) Aa SSltar - bflwit ylanUy, aka Heap ate 

o yraayactf* fraaaar. (tea eeyec tally ckaytara 
tatet.) (e*U)9> 

1949* (k) tevi ream tel aiyacta af Hear kaato y Uaato g, 

Sinai ate al*to4 aut aware, to Ttawaaaclara, 
A4«* to yraaa. (0-1139) , 

1949, <•' Nrayactlvaa ate arala far artar-raaawr c a 

J lmtos* Jawrraf, Vatar Fa 1 laf In Oawtral 
aSaratlaa. (0-1139) . 



fell Ilya, J. C., I* 0 , Qatoya aa S J. F. HiUar 
1944 * Stool at 1 m af awypa vtlllaatlM to a afar ay* treat* 
mi ylaat. Fre e aa 41 aaa, toll OHDOO lyapwlM m 
tka Dm of An aloe ate Dl|tc»l Ofte n to RySrologr. 
Faina 1 . Njaa 441 - 470 . (C- 1144 ) 

Qaiayo, L 0. 

1949 , Detect In af aerially c acre U tte kySralafto fata, 
tel tot to af tka tetanaUaral Aaaaclattaa far 
Ictootlflf VySrataty. to yraaa. (C- 1144 ) 



Qwtoye, B. 4 *. ate J, C. Fkilllp 

1949 . Dae a) a caattoaaaa at rent law tin later to water 
raeewrcM teaip. Fr a a n fitp, l)tk C a m aa a, 
toearwattoaal Aaaaclatlaw far DySmlic laaaarck, 
Kyete, Jayaw, Faina 1 * (C- 1144 ) 

Mia, ate 0 * Dapw 

1949 * Diayari Ivlty to a iwValnt flaw with Sawaity 
areSiawfe, imownS, tor., Toteiwl teyart 
♦ 01 - 3 . ( 0 - 1194 ) 
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J 

Ivn^ri, M»r< J, 

I'M. (0 r«>W 4 iili» w« Uvili m (alai* end Utn# 
twmlty iiudy, Writ VlrafMe Unlmili/, 
IatMW ul kltMM Reieertb. (C-HOl) 

1 IPPl. <h) I'rkw yiu Miar twnmaf(|iai Aaelyite end 
j prujettfen*. TV* ifuerterly to view v | feenonlca 

d*A laalmai. I«aar to. f«|ii V 1 Q. tC*ltOt) 



MriUa, A. B- 

l fit. UrM n*r* velar < tW iWw*W MNril 

Ityltne, tortb Aaarion MkvaU Cerp. Pali** 27 , 
Mar I. h««» «-»•. <C-1I4» 



TV. toe. (lyitene fimfj 

MM. Il/Kilvi vatar aaaswtai a«u|a*iia. TetUlcal 
raw. H HI** I 1 ** ^rt«. (C-10P4) 

Vmvti, V,, J, A, PikiV. I. C. Into**, and «. Tengri 

(HI. laoettlvlty anilyela netted el a/iiw Ideetifleetle* 
tu pot atrial in kydreloplt rtiaarck. Water 
keaeurree RaHircb. V»l«a t, Punter i, HI** W- 
1W. (C*|4)0) 

Valia. Aria* 0. 

> U tyeritleo* reoeurtk underway la |k« Tawa bettr 
ttmtapuni Burl. 7rtxa»4l*p ti ISik Annuel 
Omlaraoca. Wafar lar True* IVM, 1MI, 

«Mir»j 

Ventert, toman col C eor»e H. Valter, Jr. 

IHt. UJitniloaal (nairalhta «* iM dovelopaant el a 
ra|i«ul vatar euprly i/aten • tke caae *1 Detroit, 
frocetdlna*. P**d* Annuel Vatar toeourcae Coef.i 
tom^r 1MI. to praaa. <C-I1**> 

Wu. Jto 

IMt. Ai a it to* t lea e( vlM effect# « dlaperelon In vide 
cMoita. Watir Reieurcea IUmkI. V*1um S, 

Wcnbcr I. (C.l2*K» 

Ter. C. L. 

lltf. ytlocfty-fltrrfbutieae la airafpbt retrial nr 
ctenoela. Kjflrvnaittlea, toe. . Technical Bipod 
ft)'*). t 0*100*) 

Tan. C. U 

1HI. ctracti U’ tha viaccve tub layer °n 4lepM|l«u 
Journal *.t lanllanr tofttoearl*! DMaioo, Atci. 
to prtir. (C*1IW) 

Tui. C, l. mi Jio Vu 

IMP, f cm facteie Inf luanclnp 4tep«ril°o *f poll***"** 

to atra^ae. ProcMllngi «f toH Annual tortk 
Caitar* Regional Hlpilliitai CmJ.i Only. «( 

***»• |el«*J, July 11*11, 1*4. (C.liPv) 

tviG. C. C. * 4 C. I. Puentee 

IM*. !»ort(i^]<|li oteedlRp the ea^enl peak elpotltte 
ta Mtttpla rtMrv»lre. journal or Water toeourcae 
AHirtk. to praaa. (C-U77) 

ttliU 

to*ttle, i, 

IMP. traicaic efficiency and Jfitrlbutfon wwi«ryii 
ft toterteale vatar rr«ia/«r*r a Ire* mock |er 
ana I rail, fk.1i: t bento. Oragor frit# Onlverelty. 
<C*IIN» 

MM. Batik V. 

IMP, Pipit at toepvt.tr viler guetlty «mi«wui preiremtop 

tntucpor*tlBft tke atatlitfcal *1 tolly 

•treemflova. R.l. Itaera tkaala. Orton Celltpe> 

Deni, P. D. 

IMP, Opt <*! into* at vat at teaeurcaa (patent, K.». tkeiia, 
Kenaea I tat a Dntverelty, Hankattan. (WflJI) 

Ueyl, Jenea p. 

IMP. lilt Iron! covenant ta tke Rvdeon Mur. »•». tonora 
t ha ill. Urine Collate. (C-UID 

Hrjnr, P. Im 

IMS. H'tolla* joI eptlniaitle* el a vatar raaeercaa 

(intnl ay at an. *.«. tkaala. Uniii Ktata ttatvantoy, 
Hankattan, <C*k03t) 



*Sl 

bUMUM 

biN, 

1PM. Vatar mewaaa pleMlag ptratagy. rrecaellaea, Wat ar 
J* M l* t *J Wto*l»| Coelrraece, fioatee. Karaecnvaitta, 

M*/ ttol?, tpM. Papa# 37-40, leelulit* llacwafa*. 

rxp. Cre am a n pom timt traela to kylralety raatarck. 

JfMeeliag* XlMareatleeel fentoar lar Mrelee Prefaaaera 
J*lwa'ty *f IIUmIi, Vrkaaa, lllleota, Kly 14, 1PM. 

1* pttaa, 

to?M*4 a. .to Ufa* 0, Cevalll 

IMP, Fr*tmi U Coral op lag a tofarMilep ay at an ta llaiealieta 
tvrrasi velar raaevrcai ac feet Ufa lalanaatle*. raeee 24*31 
M FracaeltAg* *1 tke tklrtaaatk Aaeuel Coala raeca e* Watar 
tot Faa^a, Domker «*H. 1PM, Nmi AM Catreraftry, 

6*ltofe Harlot, Taua. 



UMy, Paalal t. 

1PM. flak «e| trlllllfa hlalegtata ef toeorrov. ( Ccn ata ee 
traialag an! mv ckallaagca to natural raaevrcaa areaa.) 
Jovraal tf toll and Vatar Cenamatle*. Hlvae II, lM*or 4, 

p*c** mu. 



I’ea**, kelato I, 

1P4P. toiMrrh to urkae vatar proklaM. PrecaMlaga e{ tke Peunk 
toarlcee Vatar teaeur^aa Coefaraaca. Papa* kU-tol. 

kMoa, to land R. aed Claa 0. Palcker 

IMP. lepal NPearak to vpter rraeurcea. to UM and vatar Lev 
toulav. TeluM If, Mar 1, M»*a llJ-lM. 

toenaoe. *r*Wi A. 

1P4P, <•) cwmJttar ripert, ra Merck paedad oa rralleklllty and 
dtvalofaMt ef vatn • apply. Aa ckeiraee al «a Anarl- 
cae Vatar Worka Aaaocfatlae Ceaalttat. Journal el 
AetrUaa Watar Warka Aeaoclatloe, Vel. 41, to. 4, 

74*» 1JH11. 

1P4P, (k> Ceelepy aed vatar raaevrcaa ef tke lltterroet Vellay, 
•tothvaitrr* Monteae, ky t. 0. Kcfertrey, A, t. 
toeljaaki, V. T, Jokaaee, and J. R. lartaUa vltk a 
aactlee o* tke ctialcal puallty el tke vatar ky a. A. 
toanaon. I. R. Caoloptcal Purvey Vatar-lupply Paper 
1*11. to praaa. 

CWB*Wt!tC 

1PM. vatat Aaaourcaa Raaeartk Cetatop, Til. k, Veiled Itataa 

CevirMt Pr tot top Office, Va«kl«|toe, t ., . tocenker 1PM. 
(Available Ire* ike toper 1 at **d act el Docte iate, Vaakiagtoe, 
D C. 10401, at 11.40 HI copy)* 

MM. Ceonrativa vatar reeeurcae raeiarck end ttaUtopi IM« 

•aoual report. Papaa mil ♦ J04. (Available ttm OVXJt), 



HIP, toattd aUlueata and ifiKti •* apuatla Ufa vllk aenheala 
e* llekM) a btollegrapk/ ky Cduard C. Raney and Bruce V. 
Hroatl, Cornell Vntveratty. Itkaca, I.T>, April IMP. 

.(Node provided ky WltC for e United dlitrlkutlo* te tka 
• federal Covaranant, Ita coot net ire and praateea). Out el 
print. 

IMP. tolacted urban atom voter runoff aki trade, frtpirid for 
tke fadatal Hater Pelletlo* Control Adnlmlitratlen In coop* 
aratloe vltV tka Vatar Raiourcei Bclentiflc leleraatlen 
Center. (Aral labia na Vetir ballet fen Control kaeeerck 
torlaa r«pert ee. W Ik* 11, end Vatar limtua to tenet CU 
la remit len Cedar report ne. VUIC 49*101, Iren tka 
Clcerlnekouae (or Padvral totontllie end Tacknlcal Infervntiea 
Iprlntlleld, Tir# tola 22m at 1X00 copy tU 45« far 
elcroflcha). 



IMP. Quartarly liitlnp el raieerck report! aupperted by OHM under 
tk^Watar Reaoercea teeearck Act el 1144. July* top t^>»r, 

IMP. Analyele ef earlala related te voter raaeercaa, by VOLT 
Re Merck and Development Cerperatlee. Rlyerdele, Meryl nod 
20440. torck IMP. MS pepee. (AvilUbla from tke 
ClenrtopkMM let Tedtral tolentlllc end Tecknicnl Infer* 
•Allot, Bpctonfleld, Va. 221S1, u PR 1IS704, fj.00 le penr 
ropy and 45«le nfcraflcke). 



Report On I our Ik e 
■peneared by 0WR. 



enal vater re Mere «• retnartk canfareoca 
Papea le ♦ US. 



IMP. 



totocted Water Paeeurcea Abetracta. Vel. S. A eentoonthly 
pdklUatUn ef tke Meter Reeevrtee to lent ilia Inf emit ton 
Center, CVRJL AvtlUkto te Pedatal ipaectoa, cm tree tor a 
er praeteae In water r#fe*rcee upon reeuoet te Hanapar, 
Heter Banter tee tolmtlfu Infotveifm Ceefeer, OKI, V. I. 
topertnem ad the Interler, Weekl^tm, B.C, 10240 . Ike 
Afcetreete nan to «kulmd by atVan by nebmrlptton-ni.OO, 
Oewmtla, 127 . M, fareton~ie tke ClMriybeu m fee federal 
totentUto mi fnckntoaTtedevmttM, BprtopfteU, Va, 211 SI. 



t| a ante ef tke art 
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APPENDIX R 

OFFICE OF WATER RE SOURCE J RESEARCH 

COLLEGES AND UNIVERSITIES AFFILIATED WITH THE STATE WATER 
RESOURCES RESEARCH INSTITUTES IN THE TITLE I PROGRAM - FISCAL YEAR 1969 

University of Alabama 
Alaska Methodist University, Anchorage 
Arizona State University 
University of California, Berkeley 
University of California, Davis 
University of California, Riverside 
University of Colorado, Boulder 
Florida State University 
University of Georgia 
Southern Illinois University 
University of Iowa 
University of Kansas 
University of Louisville, Kentucky 
Louisiana Polytechnic Institute 
Louisiana State University 
University of Maine 
Smith College, Massachusetts 
Springfield College, Massachusetts 
University of Michigan 
University of Southern Mississippi 
University of Missouri, Rolla 
University of Missouri, St* louts 
University of Montana , Missoula 
Montana Collage of Mineral Science and Technology 
St. Anselms College, New Hampshire 
Stevens Institute of Technology, New Jersey 
University of New Mexico 
State Uulverslty of New York ' 

University of North Carolina, Chapel Hill 
University of North Carolina, Moorehead City 
Duke University, North Carolina 
University of North Dakota 
University of Oklahoma, Norman 
South Dakota School of Mining and Technology 
University of South Dakota 
Vanderbilt University, Tennessee 
Texas Technological College 
University of Texas 
University of Houston, Texas 
University of Virginia 
University of Richmond : 

University of Washington, Seattle 
Marquette University, Wisconsin 
University of Wisconsin, Greenbay 
Wisconsin State University, Oshkosh 
Wisconsin State Unlverstiy, Whitewater 
Wisconsin State University, Superior 
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APPENDIX 3 

STATE WATER RESOURCES RESEARCH INSTITUTES 
(Names— Addresses— Telephone Numbers) 



Hr, James C. Harman, Director 
Water Resources Research Institute 
Auburn University 
Auburn, Alabama 36830 
205-826-5075 



Dr, R. Sage Murphy, Director 
Institute of Water Resources 
University o 1 Alaska 
College, Alaska 99701 
907 — 479-7776 



Dr, A, Richard Kassander, Jr. 
Director, Water Resources 
Research Center 
University of Arizona 
Tucson, Arizona 85721 
602-884-2447 



Dr* Aubrey E. Harvey, Director 
Water Resources Research Center 
University of Arkansas 
Fayetteville, Arkansas 72701 
501-575-4404 



Prof. Arthur F. Plllsbury, Director 
Water Resources Center 
University of California 
Room 2066 Engr. I 
Los Angeles, California 90024 
213-825-3421 or 3422 



Dr. Norman A. Evans, Director 
Natural Resources Center 
Colorado State University 
Fort Collins, Colorado 80521 
303-491-6952 



Dr. William C. Kennard, Director 
Institute of Water Resources 
The University of Connecticut 
Storra, Connecticut 06268 
203—429-3311 Ext. 474 



Dr» Robert D. Varrln, Director 
Water Resources Center 
University of Delaware 
Newark, Delaware 19711 
302-738-2440 



Hr. A. O, Patterson, Director 
Water Resources Research Center 
University of Florida 
220 Environmental Engineering Bldg. 
Gainesville, Florida 32601 
904—392-0840 

Prof. Carl B. Klndevater, Director 
Water Resources Center 
Georgia Institute of Technology 
205 Civil Engineering Building 
Atlanta, Georgia 30332 
404-873-4211 Ext. 857 



Dr. Doak C. Cox, Director 
Water Resources Research Center 
2525 Correa Road 
University of Hawaii 
Honolulu, Hawaii 96822 
808-944-8847 

Dr. G. L. Corey, Acting Director 
Water Resources Research Institute 
Room B-34 Engineering - ^ 
University of Idaho 
Moscow, Id ho 83843 ■ ~ 

208—882*3311 Ext. 429 



Dr. Ben B. Ewing, Director 
Water Resources Center 
3220 Civil Engineering Building 
University of Illinois ‘ 

^ Urbans, Illinois 61801 ' 

217-333-0536 . 

Dr. Daniel Wiersma, Director 
Water Resources Research Center 
Lilly Hall 
Purdue University 
Lafayette, Indiana 47907 
317-749-2892 
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STATE WATER RESOURCES RESEARCH IM8TITUTB8 



Dr. Don Kivkham, Director 
Iowa State Water Resources 
Research Instituto 
Iowa State University of 
Science and Technology 
Ames, Iowa 50010 
515-294-4264 



Dr. Hyde S. Jacobs 
Director , Kansas Water 
Resources Research Institute 
Kansas State University 
Manhattan, Kansas 66504 
913-552-6787 



Dr. Robert A. Lauderdale 
Pirector, Water Resources 
Research Institute 
University of Kentucky 
Lexington, Kentucky 40506 
606-258-9000 Ext. 2911 



Dr. Blvin J. Dantln, Director 
Water Resources Research Institute 
Roes 140 Engineering Drawing' 
and Research Building 
Louisiana State University 
Raton Rouge, Louisiana 70803 
504-388-2961 



Prof. Edgar A. Imhoff 

Director, Water Resources Center 

53 Illinois Avenue 

South Campus 

University of Maine 

Bangor, Maine 04401 

207-947-8852 



Dr. R. L. Green, Coordinator 
Water Resources Research Center 
Shrlver Laboratory VI*' 1 
University of Maryland 
College Park, Maryland 20742 
301-454-2224 or 3901 



Dr. Warren Llteky 
Acting Director 

Water Resources Research Center 
University of Massachusetts 
Room 115, Boldsvorth Hall 
Anherst, Massachusetts 01002 
413-545-2842 



Dr. Robert C. Ball, Director 
Institute of Water Research 
Michigan State University 
East Lansing, Michigan 48823 
517-353-3742 



Prof. Wi Ilian C. Walton, Director 

Water Resov~~ea Research Center 

University of Mlnnesote 

Hubbard Building 

2675 University Avenue 

St. Paul, Minnesota 53114 

612-546-6309 



Dr. Melville S. Priest 
Executive Di sector 
Water Resource.) Research 
Institute 

Mississippi State University 
State College, Mississippi 39762 
601-323-4321 Ext. 271 



Dr. Ceorge B. Snith 
Director, Water Resources 
Research Cent* * 
University of Missouri 
212 Swallow Hall 
Coluabia, Missouri 65201 
314-449-8128 



Dr. Helner C. Bolja, Director 
Montana Univaraity Joint Wstar 
Raaourcaa Raaearcb Center 
Montana Stata University 
Bozeman, Montane S971S 
406-587-3121 Ext. 503 
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StATg WATER RESOURCES RESEARCH INSTITUTES 



Dr. War ran Vlaaantn, Jr. 

Director, Nebraeka Uttar Raaourcaa 
Raaaareh Institute 
212 Afrieultianl Fngineering 
Unlveraity of Nebraska - Cut Caupua 
Lincoln, Nebraska 68303 
402— 472-3307 



Dr. Caorge a. Mitajf 
Director, Center for 
Mater Raaourcaa Research 
Desert Research Institute 
University of Havana System 
laao. Nevada 89307 
705-784-6955 



Trot. Cord oa L. Eyara, Chairman 
Water taaourcas Rastatch Caatar 
Vnivtrtity of Maw Haapshlra 
Durban, New Raapahlrt 05824 
603-868-SSll Eat. 494 



Caa, William Whipple, Jr., Dlraetor 
Uatar Raaourcaa Raaaareh Institute 
Rutgera— The Stata University 
Saw •runevlek, Ray Jaraay 08903 
101—247-17(6 Sat. 1817 or 1918 



Or. R. R. Stucky, Olractor 
Uttar Raaoarcaa Raaaareh toatituta 
Bav Mexico State University 
t . 0. lex 3167 

Lea Crocea, Maw Haalce 88001 
303-646-4337 



/ref. Leonard I. Dvortky 
Dittetor, Uttar RaoMteea 
it! Mar lea tclaeeaa Center 
Oarmall Valvar sity 
461 Molllatar Mall 
Ithaca, Rev terk 14830 
607— 136-3020 er 2383 



Prof. David H. Novella, Director 
Uatar Raaourcaa Rcaearch Inatltuta 
of The University of North Carolina 
124 Riddick Building 
North Carolina Stata University 
Raleigh, North Carolina 27607 
119 — 755-2815 or 2816 
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